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A NUMERICAL EVALUATION OF
PRELIMINARY ORBIT DETERMINATION METHODS

By William F. Huseonica
John F. Kennedy Space Center

SUMMARY

Solutions from twelve different Preliminary Orbit Determination Methods using data
from two well defined orbits are presented. A number of different solutions were obtained
from each method when the angular difference (true anomaly) between observation data was
varied from several degrees to one complete revolution. The failure to converge and the
numerical error propagation are indicated. The computation time and total computer core
required for each PODM is tabulated. A computational algorithm was used to adapt in-
ettial position, velocity, and time input data to angular, range, range rate, and time input
data from several different observation stations. A general FORTRAN code and a com-
puter program flowchart are documented and can be utilized with computers other than the
Scientific Data Systems 930 used in these solutions.

INTRODUCTION

In preliminary orbit determination (the first approximation of the orbit) it is difficult
to select a method which could be considered the best Preliminary Orbit Determination
Method (PODM). The best method can be determined by considering several factors of in-
terest to the particular analyst selecting an orbit determination method. These factors are;

Which method is the fastest from a computational point of view?

Which method has the least numerical error propagation?

Which method experiences the least convergence difficulties ?

Which method will function most effectively with the observation data
available (position, angles, range, range rate, and time)?

Which method can give the best numerical results from orbits of varying
eccentricity and semimajor axis ?

Which method gives the best results from observation data having small and large
true anomaly angular differences ?



Data presented in this report form the solutions of twelve different PODMs and will
help in determining the best method for a given application. The twelve different PODMs
encompass classical methods used in determining the motion of heavenly bodies and pres-
ent day methods used in artificial satellite PODMs. These PODMs are found in computa-
tional algorithm form (Escobal, reference 1). The algorithms were programmed in a
FORTRAN Il code and the calculations were accomplished on a Scientific Data Systems
(SDS) 930 computer.

The PODM input data were derived from two well defined orbits (with perturbations
and differential corrections) of common occurrence for attificial earth satellites. One
othit has fow eccentricity with a small semimajor axis; the second orbit has a higher
eccentricity and a larger semimajor axis.

DISCUSSION

Symbols and Abbreviations

Because the nomenclature used within the field of PODM is so extensive and non~
uniform from text to text, a list of symbols and abbreviations is included (appendix A). In
addition, the unit vectors and orientation angles of the orbital plane are illustrated in
appendix A, figure 1.

PODM Computational Algorithms

The twelve PODMs computed in this evaluation use various types of observation
data necessary for a solution or preliminary determination of the orbit. Lambert~Euler,
F and G series, lteration of Semiparameter, Gaussian (time and position), and lteration of
the True Anomaly PODMs use inettial position vectors (x7, yq, 2y, and x2, yo, z5) and

their corresponding universal times (t1 andt2) as the input data. Method of Gauss (angles),

Laplace, and Double R-Iteration PODMSs require right ascension ( o ) and declination ( s )
from three different stations and their corresponding universal times. Observation station
data such as longitude, latitude, and elevation are also required. The remaining PODMs
(Modified Laplacian, R-lteration, Trilateration, and Herrick-Gibbs) require mixed data
inputs. The mixed data inputs are selected from right ascension, declination, range and
range rate along with the observation station data. Further discussion of these PODMs
can be found in references 1 and 3. The computational algorithms for these PODMs are
given in equations (1) through (439) in appendixes B through M.



Special considerations that must be given in the computational algorithms for retro-
grade orbits have been deleted. All orbits to be determined in this evaluation are those
involving direct motion.

In nine of the PODMSs an iteration of equations is involved which produces an itera-
tive function that must be driven to zero or a lesser specified tolerance, i.e., epsilon.

For this evaluation, a number of 10_10 was selected and is in line with the significant
figures involved with the input data as well as the PODM solutions. This value for epsilon
eliminated the need for extended range accuracy in the computer solutions.

Input data for these nine PODMs were derived from two National Aeronautics and
Space Administration (NASA) earth-orbited satellites, 0SO-iil and Relay-11. These
satellite orbits will be used as the bases for evaluation of the PODMs. The 0SO-I1Il orbit
has an eccentricity of 0.00216 and a semimajor axis of 4,306.81 miles; Relay-Il orbit
eccentricity is 0.24115 and semimajor axis is 6,915.52 miles. The inclination angles
are 32.863 degrees and 46.323 degrees for 0SO-iI1 and Relay-I! respectively. Addi-
tional orbital elements for these satellites are specified in appendixes N and 0. Orbital
data were furnished by the NASA Goddard Space Flight Center (GSFC), Greenbelt,
Maryland. Observation data were received from the various NASA tracking stations
(references 5 and 6), and the resultant inertial position and velocity vector data for each
minute of two complete revolutions for both orbits were generated from GSFC R083 Orbit
Generator Routine-3 (references 7 and 8). The tracking stations and coordinates are
listed in appendix P.

The inertial position vector data and corresponding universal time obtained from
0SO-I1! and Relay-Il orbits can be used as input data for the five PODMs using position
and time inputs. However, these data must be modified to define range, range rate, and
angular data to be used as an input for the remaining seven PODMs and to maintain a well
defined orbit on which to base an evaluation of all PODMs. A computational algorithm
developed to find o , 5, o, and s is detailed in appendix Q, equations (440) through
(459). Results from this computational algorithm can be selected and applied to the
seven PODMs requiring angles only and mixed data.

The PODM computational algorithms terminate when the inertial position and
velocity vector for a corresponding observation point is determined; the orbit is then con-
sidered determined. In many cases, the classical orbital elements may serve to better
illustrate the significant changes in the evaluation of the PODM. Therefore, a computa-
tional algorithm that solves for the classical elements (semimajor axis, a; eccentricity, e;
inclination, i; fongitude of the ascending node, %; argument of perigee, w; and time of
perifocal passage, T) from the position and velocity vector is detailed in appendix R,
equations (460) through (480). This algorithm is computed subsequent to the determination
of the inettial position and velocity vector of each PODM.



Computer Program Language

To facilitate this evaluation, the most obvious tool is the digital computer. The
computational algorithms discussed in the previous paragraphs are readily translatable
into a program language for communicating with digital computers. The FORTRAN Ii
language was used because it is not really a single computer language. Rather, it is a
family of similar languages, or dialects, with one or more being developed for each class
of digital computer. A later generation of FORTRAN (FORTRAN IV) will further minimize
the difference in this language for each class of computer (reference 2). The FORTRAN
language provides engineers and scientists with an efficient and easily understood means
of writing programs for computers.

Computer Program Flowcharts

In preparation for the programming of each computational algorithm, a program flow-
chart was constructed. The flowchart describes the code sequences that accomplish the
processing of information to obtain the desirable result. In programs involving a great
number of statements, it becomes cumbersome to follow the sequence of written statements.
Since written statements can be stated or can proceed in a variety of ways, flowcharts are
excellent for conveying procedural concepts.

The value of flowcharts is futher enchanced by consistency in the graphical conven-
tions used. The conventions used in this paper are found in appendix S and were primarily
adopted from reference 4.

Flowcharts describe the code sequences as written from the computational algorithms
(appendixes B through M). The information within the flowchart symbols is the FORTRAN I
code description of the expressions in the algorithm and in the program listings. Only state-
ments conveying procedural concepts are presented in the flowcharts.

Computer Program Listing

For each PODM computed there is a computer program listing (@appendixes B through M).
The program listing is a sequence of FORTRAN language statements used in computation
of the PODM. The program listing is a copy of the source language translated to machine
code by the computer processor. The program listing serves as an indicator for the
diagnostic report from the computer during the program debugging procedure. The algorithms
are programmed in FORTRAN Il for use with SDS Series 930 computer (references 9 and 10),
but the output of the millisecond (run-time) clock on the SDS 930 was programmed in SDS
Meta-Symbol language. The run-time clock tallied and obtained the total time necessary
to compute the PODM programs by a program subroutine identified as ITIME. This sub-
routine used the programmed statements indicated on the program listing by S (SDS Meta-
Symbol language). The millisecond clock was initialized by ITIME = 0 and incremented



each millisecond by the ITIME subroutine and would subsequently be printed out upon
command at the conclusion of a block of computed programmed statements. This procedure
was accomplished several times during the computation of each PODM program in order to
obtain only computation time and not time required for READ and PRINT statements.

Discussion Summary

The PODMs used for evaluation were found basically in reference 1, Escobal. They
were programmed in FORTRAN Il and SDS Meta-Symbol for use in the SDS 930 computer.
Prior to programming, the procedural concept was established with flowcharts. The two
reference orbit data were obtained from GSFC. The data were adapted to input data for
angles only and mixed data PODM by a computational algorithm that was programmed and
computed prior to the PODM computations. All PODM computations were accomplished
on the SDS 930 computer. However, selected programs were successfully compiled and
computed on an IBM 1800 and an IBM 360 with only slight modifications. The compila-
tion of algorithms, flowcharts, and computer program listings used to conduct this evaluation
of twelve PODMs are detailed in appendixes B through M.

RESULTS AND CONCLUSIONS

The inertial position and velocity orbit data with their corresponding times from
epoch used in this PODM evaluation are listed in tables 1 and 2 for 0SO-H1 and Relay-Il
satellites, respectively. Also contained within these tables is the change in true anomaly
angle of each data point referenced to data point 1. Data points contained in these tables
are the data points used for the inertial position and time PODM inputs. The same data
points were used in the generation of data inputs by the computational algorithm for range,
range rate, and angular data for the angles only and mixed data PODMs (appendix Q).
The evaluation will consider the inertial position and time PODMs separately fromthe angles
only and mixed data PODMs because sufficient differences exist in the computational
algorithms and the practical usage of these PODMs.

Position and Time PODMs

The PODMs which use inertial position vectors and their cortesponding times are
found in appendixes B through F. These algorithms were applied using all data points
referenced from data point 1 in tables 1 and 2. The computational algorithms for inertial
position and time PODMs conclude by computing an inettial velocity vector corresponding
to one of the times for which an input of inertial position is known. This inertial position
and velocity vector and the corresponding time are sufficient to consider the orbit determined.



Subsequent to determination of the inertial velocity vector, the classical orbital elements
are computed by using the computational algorithm contained in appendix R. The results
of these computations are detailed in figures 2 through 11 and tables 3 through 17.

Figures 2 through 11 are detailed plots of the computed inertial velocity vectors in
the _>’i, i, 5 components versus the true anomaly angular difference between input data com-

ponents from tables 1 and 2. The true anomaly angular difference, of position and time
PODM, is the angular difference between two inertial position vectors (figure 12). The
true anomaly angular difference was varied from 3.8 to 360 degrees for 0SO-I11 orbit

and from 2.5 to 360 degrees for Relay-!l orbit for convenience in adapting the same data
to the angles only and mixed data PODM with consideration to station locations. A plot

of the number of iterations required for the iteration loop within the PODM compuational
algorithm for each set of data input used is also contained in figures 2 through 11, Tables
3 through 12 are the tabulated results which are plotted in figures 2 through 11.

For example, in figure 2, results of Lambert-Euler PODM for 0SO-III, at 10 degrees
difference in true anomaly the inertial velocity vectors are as follows: x is =0.67100
CUL/CUT; y is 0.45242 CUL/CUT; and z is ~0.51970 CUL/CUT and the predicted
number of iterations is seven. The nominal values are indicated for each component.

Also denoted is the true anomaly angular difference beyond which the program fails to
compute and yield satisfactory results.

A compatrison in each case of the computed resultant classical orbital elements,
with respect to the nominal values obtained from appendixes N and O, is listed in tables
13 through 17. Both the computed results and the nominal values from the reference orbit
are referenced to the same time of epoch as denoted in tables 1 and 2.

Each PODM program listing as found in appendixes B through F requires a definite
number of words available in the computer core before a successful computation can he
accomplished. Table 18 lists the number of 24-bit words required in the computer core
of the SDS 930 computer for variables, statements, and subprograms necessary for
compuation of each PODM. The number of core words required can vary and may depend
on the programming efficiency of the programmer. One programmer may be able to accom-
plish the same task with fewer core words than another programmer.

Another factor which can vary the computer core requirements is the efficiency of
the computer manufacturer's library of translations of FORTRAN to machine language. In
comparing the position and time PODMs, the core requirements for each PODM vary little
except for the F and G Series (4649 words) requirement.



The time necessary to compute the computer coded program listing of each PODM
was evaluated by printing time from the computer clock (ITIME) at the conclusion of a
block of computations, ignoring the time necessary for READ and PRINT statements. The
method used can be found in the computer program listing. The computation time required
for each PODM is listed in table 19. The total time required for computation of each
program with only one iteration ranges from 16 to 21 milliseconds, with F and G series
being slowest and Lambert-Euler being fastest. The F and G series is slowest and
Lambert-Eulet. and Gaussian PODMs fastest when comparing the time required for each
additional iteration computation loop. However, the total time for computation during
practical application of these PODMs is a function also of the rate of convergence. The
average number of iterations required for the PODM iterative loop to converge is listed in
table 20. Although the F and G seties is slowest when computing for all pottions of the
algorithm, it is fastest in its ability to converge. The averages in table 20 considered
only the data points for which the PODM vyielded satisfactory results; i.e., the averages
were computed from results of the PODM over true anomaly angular ranges which yielded
acceptable solutions. The radius vector spread of the data input must be considered when
choosing a PODM for a minimum computation time for a particular orbit because the con-
vergence of the iteration loop is a function of the true anomaly difference.

Ease of convergence. - The ease of convergence of each PODM is indicated in
table 20. The shape of the orbit appears to have some effect on the ability of the PODM
to converge. Lambert-Euler, F and G series, and lteration of True Anomaly PODMs
decrease in ability to converge for an orbit with a larger semimajor axis and higher eccen~
tricity while Gaussian and lteration of Semiparameter PODMs increase.

The radius vector spread (true anomaly angular difference) over which these PODMs
are likely to yield best results is concluded in tabie 21. The best result is a function of
ease of convergence and accuracy.

Error propagation. - The position and time PODM that has the least error propagation
is not readily distinguishable. There are relatively small differences in the propagation
of errot as indicated by the graph of inertial velocity versus true anomaly angular differ-
ence in figures 2 through 11. The profile of error in computing the inertial velocity in
alt PODMs appears the same until the radius vector spread becomes excessive for accept-
able PODM results. The data also indicate that an optimum in radius vector spread for
the most accurate computed velocity vector for these PODMs is 20 to 30 degrees.

Discussion of results. - In comparing the five PODMs using position and time input
data, the results indicate that the optimum PODM is the Lambert-Euler followed by
Iteration of Semiparameter, lteration of True Anomaly, Gaussian, and F and G series,

The optimum was a compromise between computation time, ease of convergence, and best
overall accuracy considering radius vector spreads up to 360 degrees. These comparisons
were made from the results of two different orbits; 0SO-IIl and Relay-l1. Table 22
indicates the standing of each PODM for consideration for determining the optimum.




Angles Only and Mixed Data PODMs

The PODMs using angles only and mixed data are found in appendixes G through M.
These algorithms require a combination of three station observations of right ascension,
declination, range or range rate, and their corresponding times from epoch in a topocentric
coordinate system for a solution. The station location data is also required and is found
in appendix P. From each data point in tables 1 and 2, values for range, range rate,
declination, and right ascension were computed for several different stations using the
computational algorithm found in appendix Q. These data are detailed in tables 23 and
24 for 0SO-I1I and Relay-I1, respectively. Tables 23 and 24 constitute the required
input data to the angles only and mixed data PODMs being evaluated.

These PODMs require three observation data inputs for a solution and the observa-
tion station location data. There is also a requirement that the station observation data
be from either three separate stations at three different times, or one station at three
different times from epoch, or three stations with data input resolved to a common time
from epoch. The number of stations required is determined in the computation algorithm
by the input data necessary before a solution can he obtained from the PODM. The data
points and observation stations combination used in computing results for evaluation of
these PODMs are specified in tables 25 and 26.

The inertial velocity component results of these computations are specified in tables
27 through 39. These tables present the inertial velocity vector components x, y, and z

with reference to inertial velocity vector of the nominal orbit from tables 1 and 2. A com-
patison in each case of the resultant classical orbital elements, with respect to the nominal
values of the elements from appendixes N and O, is specified in tables 40 through 44,

Both the computed results and the nominal values from the reference otbit are
referenced to the same time of epoch as denoted in tables 1 and 2.

Table 18 indicates the computer core requirements for the program listings contained
in appendixes G through M and Q. The requirements range from 3525 words for Herrick-
Gibbs to 5254 words for Method of Gauss.

Computatiop time. - The computation time required for each PODM is specified in table
19. Twoof the PODMs in this table, one under mixed data and the other under angles only,
differ from the others. Herrick-Gibbs PODM has no iteration loop and is fastest from the
computation time; Gauss PODM has two iteration loops and is the slowest. The total com-
puting time required ranges from 13 to 26 milliseconds when only one pass through the
iteration loop is present. Time for each additional pass through the iteration loop ranges

from 5 to 9 milliseconds.




The average number of iterations of each PODM, using both 0SO-l1]l and Relay-II
orbits, is specified in table 45. Herrick-Gibbs and Trilateration PODM do not have an
iteration loop. However, Trilateration does have a branch which is computed twice to
determine best approximation for the inertial position vector. Neither has an iteration
loop computation time which can be compared with the other PODMs. Of the remaining
PODMs which have iteration loops, Laplace and Modified Laplacian are the fastest at
5 milliseconds for each iteration loop while the Double R-lteration PODM is slowest at
9 milliseconds.

Ease of convergence. - The radius vector spread between r 7 tor 2 and t g for

data inputs to the PODM was 3.8 to 360 degrees for 0SO-Ill and 2.5 to 360 degrees
for Relay-Il. Considering the data points which yielded satisfactory results to define the
orbit, table 45 indicates the difficulty in eonvergence. Double R-lteration and Laplace
(angles only) iteration loops did not converge in the allotted number indexed in the pro-
gram (maximum number of iterations allowable is 25). It becomes apparent that changes
are required in refining the iteration loop from either a mathematical or programming view-
point ot that observation station geometry is critical. From these two PODMs (Double
R-lIteration and Laplace) only one set of results from each came close to resembling
OSO-ilf or Relay-Il orbits. As presented, these PODMs have difficulty in converging
and require additional information.

The three remaining PODMs which have iteration loops (Method of Gauss, Modified
Laplacian, and R-lteration) have a greater ease of convergence with data from 0SO-1il
otbit, having a lower eccentricity and semimajor axis, than with the data from Relay-Il orbit.

The convergence question does not arise in Herrick-Gibbs or Trilateration PODMs
since no iteration loops exist.

Error propagation. - Error propagation in the angles only and mixed data PODMs
have no characteristic profile as in the case of the position and time PODMs. Many
factors may contribute to the inconsistency of error propagation and overall accuracy of
results.

One factor is that station observation data was generated by a scheme from inertial
position and velocity data and not by direct station observations. The geometry established
between the observing station and the orbiting body may also be a critical factor. The
limited number of data points available and used may yield results not completely represen-
tative of the PODM error propagation. However, after such considerations, all PODMs
used the same input data for the results being discussed. If an error propagation profile
can be established sufficiently it would appear to be similar in the Herrick~-Gibbs, Method
of Gauss, Modified Laplacian, and R-Iteration PODMs. The Double R-lteration and
Laplace PODMs have no distinguishable error profile.



A more accurate and complete set of results exist from the Relay-ll orbit input data
to PODM than exists from the inputs used from the O0SO-IIl orbit. It appears that an orbit
with larger semimajor axis and eccentricity is more readily computable for acceptable results
over a greater radius vector spread than an orbit of lesser semimajor axis and eccentricity
(Relay-1I versus 0SO-{l1). The PODM with the best overall accuracy with a radius vector
spread (v ) to 360 degrees is specified in table 46.

Discussion of results. - In comparing each PODM using angles only and mixed data,
the optimum PODM was determined to be Herrick-Gibbs followed by Modified Laplacian,
Method of Gauss, R-lteration, Double R-Iteration, and Laplace. The optimum was a
compromise between the computing time, ease of convergence, and best overall accuracy
considering radius vector spreads up to 360 degrees. These comparisons were made using
the results of 0SO-III and Relay~Il otbits. Table 47 indicates the rank of each PODM
under several classifications.

A contrasting difference is apparent when comparing the angles only and mixed data
PODMs in that the schemes converge more easily with an 0SO-IIl type of orbit. However,
acceptable results are more readily attainable over a greater radius vector spread with
the Relay-Il type otbit.

Trilateration

Trilateration PODM is unique in that it requires three different station observations
at the same time. The geometry of the three stations is very critical for obtaining accurate
results. A computed set of results for 0SO-[1l and Relay~{l orbits are detailed in table 39.
The results of Relay~I{ are more accurate than those of OSO-Ill. This follows the same
trend as the other PODMSs using angles only or mixed data. Also, Trilateration does not
have an iteration loop and, with the requirement of simultaneous observations, it makes
this PODM sufficiently different to refrain from comparing it directly with other PODMs.
Total computation time for Trilateration PODM was 17 milliseconds.

Conclusion

Solutions from twelve different PODMSs using data from two well defined orbits are
presented. A number of solutions were obtained from each PODM when the angular dif-
ference (true anomaly difference) between observation data was varied from several degrees
to one complete revolution. The PODMs evaluated use combinations of inertial position,
angels, range and range rate, and corresponding universal times as input data. The com-
putation time required for each PODM is tabulated for a nearly circular orbit with a small
semimajor axis and one of higher eccentricity and a larger semimajor axis.
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In comparing the five PODMs using position and time imput data, the results indicate
that the optimum PODM is the Lambert-Euler. Herrick=Gibbs is the optimum of the seven
PODMs using angles only and mixed data.

A computational algorithm was used to adapt inertial position, velocity, and time
input data to angular, range, range rate, and time input data from several different ob-
servation stations. A general FORTRAN code with program listings and computer program
flowcharts is-documented and can be utilized with computers other than the SDS 930 used
in these solutions with only slight modifications. The computer core requirements for each
program listing presented is tabulated.

The PODMs using inertial position and universal time input data yield solutions to
the intercept, rendezvous, and interplanetary transfer problems of trajectory analysis.
The angles only PODMs are the more classical PODMs which solve for fundamental orbital
elements using the observer as main participant. Standing on a given location on the
central planet of the orbiting body, an observer can measure the angular coordinates and
determine the orbit. With the introduction of radar, the mixed data techniques are attrac-
tive to the trajectory analyst. The slant range from the observer to the satellite is obtain~-
able as well as the rate at which this range is changing. The modern trajectory analyst
uses the mixed data PODMs more frequently because of the excellent range and range rate
data available.

The twelve PODMs may be used in any number of different problems confronting the
trajectory analyst. The data presented can be used to predetermine a set of conditions
which must exist in order to use the PODM which will yield the best determination of the
orbit. Various combinations of observation stations and satellite obsetvation data can be
used effectively for orbit determination. With the computer programs available to each
PODM, they may be used as computer program options which can be called on command to
yield the best orbital results. This would be an efficient and accurate method for deter~
mining orbits of unknown space objects. The PODM results can be used to determine look
angles for observation stations at later dates.
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APPENDIX A
SYMBOLS AND ABBREVIATIONS

English Symbols
Azimuth angle.
Miscellaneous constants.
Area.

Auxiliary vector used in the method of Gauss.
Unit vector pointing due east.

Semimajor axis of a conic section.
Matrix coefficient.

Equatorial radius of Earth.
Miscellaneous constants.

Auxiliary vector used in the method of Gauss.
Semiminor axis of a conic section.

The dot product of (- R « L).

Element (= e cos EO).

Element (= e cosh Fp).

Element (= e cos vo).

Ratio of sector to triangle in the method of Gauss.

Eccentric anomaly.
Miscellaneous constants.

Orbital eccentricity.
Mathematical constant.

Geometrical flattening of reference spheroid adopted for central
planet.

Functional notation.

Coefficient of f and g series.

Station location and shape coefficients.
Universal gravitational constant.
Miscellaneous constants.

Coefficient of f and g series.
Gravitational acceleration.

Station elevation measured normal to adopted ellipsoid.

13



= |=

~ (= = |

[

Elevation angle.
Angular momentum vector.

Unit vector along the principal axis of a given coordinate system.

Orbital inclinatio

The imaginary (=‘\/m:_1).—

Harmonic coefficients of the Earth's potential function.

Unit vector advanced to I by a right angle in the fundamental plane.
A constant.

Unit vector defined by I X J = K.
Gravitational constant.

Unit vector from observational station to satellite.
Mean anomaly [= n(t - T) ].

General symbol for mass.
Meters.

Number of revolutions._

3
Mean motion (= K\ n/a2).
Number of revolutions.

Orbital period (time from perigee crossing to perigee crossing).
Perifocus.

Unit vector pointing toward perifocus.

Orbital semiparameter [= a(1 - e?) ].

Unit vector advanced to P by a right angle in-the direction and
plane of motion.

Generalized element.
Perifocal distance |= a(l - e)
Parameter of f and g series expansions.

Perturbative function (= ¢ - V).
Magnitude of station coordinate vector.
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Station coordinate vector.
Alternate notation for U.

| =

r Magnitude of satellite radius vector.

r Satellite radius vector.

S Satellite symbol.

Se Element ( = e sin Ej).

Sh Element ( = e sinh FO).

S, Element ( = e sin vo).

S A parameter taking the value 1 or -1.

T Time of perifocal passage.

t Universal or ephemeris time.

g Unit vector pointing toward given satellite.

u Argument of latitude.
Parameter of f and g series expansions.

v General symbol for velocity vector magnitude.
Spherical potential of planet.

v Unit vector advanced to U by a right angle in the direction and

plane of motion.

W Unit vector perpendicular to orbit plane.

X, Y, Z Rectangular coordinates of station coordinate vector.

Xs ¥Ys 2 Rectangular coordinates of an object.

Z Unit vector in the zenith direction.
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hr
min

sec

Special Symbols

Identically equal to.
Equal to by definition.

Replace left side of equation with right side of equation.
Approximately equal to.

Vernal equinox (sign of the Ram's Horns).

Infinity.

Angle between x and y.

Yields.

Absolute value of x.

Superscript Symbols
Relating to modified time differentiation. Also (7).
Relating to general differentiation.
Relating to geocentric latitude.
Minutes of arc.
Seconds of arc.
Particular parameter or special form of an analytical expression.

Particular parameter or special form of an analytical expression.

Used to denote average or special form of an analytical expression
or parameter.

Degrees.
Hours.
Minutes.

Seconds.
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Greek Alphabet

A o Alpha. N v Nu.

B B Beta. E £ Xi.

T vy Gamma. 0 o Omicron.
A & Delta. n = Pi.

E ¢ Epsilon. P p Rho.

Z ¢t Zeta. £ o Sigma.

H n Eta. T t Tau.

e o Theta. T v Upsilon.
I 4§ Ilota. ® ¢ Phi.

K « Kappa. X x Chi.

A A Lambda. ¥ ¢ Psi.

M o Mu. 2 w Omega.

Greek Symbols

Right ascension. ¢ Obliquity of the ecliptic.

Increment or difference. Specified tolerance.

Gradient operator. z Coefficient.

g Sidereal time.

[v(.) Jal) g, 2y, o0 K] A Longi tude.
X = y = z =

1 Sum of masses or mass.

v True anomaly.
Declination.

Variation. Slant range vector.

i
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Greek Symbols (Cont'd)

Geodetic latitude.

Geocentric latitude.
Astronomical latitude.
Longitude of ascending node.
Longitude of descending node.

Argument of perigee.

Abbreviations
Astronomical units. ft
Centimeters. gm
Central masses. hr
.u. Circular satellite units (also h.c.s.u.

g.c.s.u.; geocentric circular
satellite units)

J.D.
Characteristic units.

km
Canonical unit of length.

m
Canonical unit of time.

min
Degrees.

sec
Earth masses.

s.m.

Earth radii.

18

Feet.
Grams.
Hours .

Heliocentric circular
satellite units.

Julian date.
Kilometers.
Meters.
Minutes.
Seconds.

Solar .masses.
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Figure 1. Orbit Plane Coordinate System Showing Unit Vectors and Orientation Angles




APPENDIX B
LAMBERT-EULER PODM, POSITION AND TIME

Given ry (x1s ¥q5 z)s ty (X5, ¥5s 2z,) and their corresponding
universal times, t1 and ts, proceed as follows:

T = ke (tz - t].)

y - oL
=1 r
v - 22
=2 r2

[o{0)} (\)2 - \)1) =y_1 . !2

X1Y¥o = Xo¥
. Y2 - XYy >
sin (v, - v,) = - 1 - cos® (v, - v.)
2 7 V1 T XY, - Xy 2 "1

As a first approximation, if no better estimate is available, set

_(rp + 1)
T2
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s

and continue calculating with

PO =
)
I

sin

N =
o
]

sin

PNOf b=
[o2]
I

Cos

Set
S:

Later the analysis will

S:
Continue with
1
cos 7 € =
F =
If
|F| <

2 2
* [rz gt - 20xgxy Fygy, Z1‘7'2)]

1
*\/E (rp +ry +c)

\/rzrl cos (VZ j vl)
+

2a sin

1
+'\/& -5 (r2 +rp - c)

1

be repeated for

21
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(12)

(13)

(14)

(15)

(16)

(17)



. . . -1 . ip ose s
where A s a given tolerance, i.e., 10 O, proceed to equation (22); if it

not, save F(a) and increment a, by 5 percent, that is, Aa, to obtain:
a + Aa

Repeat equational Toop (10) through (16), obtaining F(a + aa), and form

F-(a) = Fla + Aaga— F(a)

Improve the value of a by

aj+1 = aj - F»(aji ) j = 1, 2, 3,...,q
If

laj+1 - ajl < A

Proceed to equation (22); if not return to equation (10), replacing ay with

aj_l_l.

EZ - El =g -6

nojw

g=rt - 9;—[52 - E] - sin (Ep - El)]

Continue by calculating for the classical elements.
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LAMBERT-EULER FLOWCHART

XLC (1), YLC (D),
ZLC (1), XL.C(2),
VLC (2), ZLC (2),
T(1), T(2), XMU,

R

DELA = 0.05
DELA

ITIME=10

F, 1

PAGE 24
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LAMBERT-EULER FLOWCHART (CONT'D)

XLCvV (1),
yYLCV (1),
ZLCV (1)

SOLUTION FOR
CLASSICAL
ELEMENTS

JTIME, ALC,
ELC, TE,
OMEGA,
OINCL, W
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C LAMBERT-MLER PRELIMIMARY A2BTT rTERMTNAT IO
Cc PEGITIAY AMND TIME (FQCARA,DPAGE 2-5)
C

NDIMENGTIEN F(25), X (2) s Y2y L U Z (2, RLE(PY L0 ()

CYLCUR2Y» 7L CU2Ya TP XL CVIEL Y, YLOV (1) 2 7LCVY (1 2 RLOV (L)

DR 40D MN=1,4
C
C READ Twa [AFRTTAL POASITION VYECTRwg AND THOLW (a7 3pi- D TroeTw
C

READ 101, YLO(1), YLO(1)s 70001, Tel)s ¥uC(2)
READ 101, YLO(P)s ZLC(2)s TU2)s X¥Us XX

101 FORMAT(ST 1469
C
C FCHA CHEEQ
C -

PRIMT 1794, XL C(IYsYLr (1) 7L CtI) s Te ) ol C(R)aY m (DY s Zi 20y T( )

XM XK

104 FERMAT(10D,4XLC(1) =40 16eR,/ /)Y (1) =W 1608, /77,1700 = "~ o0 5/ 7,

TST(1) =T 408,/ /2 XLC(P)=%0 17 w80 /7, 8YLOUD Y 28T V60 n s/ n L T Ty T 10

Vs ETUPY Y=t AR/ iRl 1 e Ry s/, XK =T e

C
c AEGRTY COMPUTATIANG
C
C ALL SOTA'SYMRAL 13 771V SUTRIYTT B
C
I[T1"E=C
s Lra BASISRD
S STA sPCh
S Bry 2008
SP05  WR™ 20575
s2n0  foev 2P0N20
S paT = nR0POND
S £IR
TAUsXx (T(2)}=T(1))
2 0P 4 T=1,7

RQUOCCTY = RT(YLCC T *x 24 YLO (1) ex24+7) CCIY ¥ D)
XTIy =X 7)) /RLTHET)
DYDY =YL7 () /RLC(T)
2 JZeTy=ZL oy /RLC(CT)
VEES=UX 1)y »JY(PY+IY (1) #Y (2 +U7 01y ¥ U2 ()
COMaXL Oy »YLCUPY=XLLO(2)1 Y (1)
VETHU= (02 /A3S(COY) ) xS IRT (1.0 VO Se*2)
SQART (LTI **P4RLO (1) x¥2=2a 0% (Y COL)XXLI(P ) #YLT (1) a YL 7 ()
Y*70L0(2)))

~

W+ N
woH N

L
1
14 (RLO(Y#RLO(2)I /PN

BEGIN LAM3PRTIEJLFR JTERATIRN

oOoMNoO

15 N8 31 I=1,75
SHFPS=GTRT((RLC{2I+RLC(1)+CY/ (Hernxh))
ANGVY=ATAN(VS TN, VCAS)
SHPEL=SNET(RLC(IVY2RL.C(PIINCAS(A Y /R e D)/ (Pal*Ax S PS)
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CHDEL =2SORT((1e0)=(RLO(PIFRLC(II=CY/ (4 exA))
CHEPS=S*SQQT(1:DHSHFDS**2)
EPSLM=D. 0% ATAN(SHEPS, CHFPT)
DELTA:?QF*rATA\(S"‘I“EL'CH“rL)
F(1)sTAL=GORT(AXXR/X7UY* ((ERSLN=GINCEPSL M) )= (PLLTA=S1N (7T 17y ))
CTy=171IvF
PRIWT 1072,CT1
PRINT 102, F(1),
107 FARMAT(1Hm 28R ()
ITI7E=D
24 TFCARSII (T )Y =0e0NNDNDDDNT Y 32475, 05
25 IF(I=1) 2D30,26
26 FPA=(F(T)=F(T=1))/0F 1A
27 IF(ARSLT () /FPA=NELAY =000 0000~ 1) 32728, 2%
23 NELA==F (1) /FPA
8 58 TR 31

1
sEE ARt *xxnx]zi )

37 DAz eNEx A

31 AsARG(A4NTLAY

C
C SELVE Fam INFRTIAL volarlTy VECTHRS X7OT,y07 T, 20 1.
C

3? NI =l =D TA

372 FLrztela(t/RECIIY)*(1aD=00g TRy,

4 3LC=T&L.QTMT(A**Q/X~v)‘(hIFE"SI\(.Irr)>

XL eV (1)Y= (XLOtP) =FLCxx1 C(1y) /0LC
YLOV (1)Y= (YLO(2)=FLCxYLC(1y)ysnLC
ZLOVEIY = (7LC(2y =7V C(1))y /L0
Clo=1T1"¢
PRIMNT 177, 0 TP
PRIST 172, XLOVI1) YL OV, 7LEV I
o e AT (4, », 1Y V1) =tT 108, //atY  ONV{1) =0l t6eR, /0 /L0000 o

SELITIA FRa CLASGLCAL CLEMTNTS

ITIME ="

QULECLY=" STEYLO(I Y o+ Y Oy xxPae g C1) ¥ a7

RN TaYE A1y xXLOV I YLO () xYE TV (1) 7L Ty x/LE (1)
RLEY (1)Y= /0 r (1)

VeS TR TN rU (1) wxPaY oV (1 e 2L O s

AL O (GLr Y XYM /L2 e X et ux 0% 7 (1))

COUAT = e TUTY/ZALT)

SEUTE 2 (L TV ¥R O ) /SRR T (X w1 O)
FlLO=anlT(nC gt Py p 0000 ik w %0

COgTe (A C=bL 7 (1) /LA LY

XE 3 =A Cy (CFRE-TLC)

geavays ~o /0 O

SRl A A S G B R P A T R VA UL (5

GIANT2ENRT ({4 =MLk )y xGINY/ (1a 040 CxEINY)

Ca AT (T F,rial)

TF:T(l)-((?-rLC*CTN')/(V4*?.“T(v YY) RS T LAl T T
UY =V Sy s /10 (1Y =20 My Ry TV )

MY ze (¥ (YR 70OV ) ~ 7L 0 % LOY 1))
47:%[((1!xVLFV(1)-Yh’(1)*XLFV(1>

VAT GE = ATE (3] W o8y
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iy

SINHX=HX
CGSHY=-UY
BMEGAZATAN (S TNHX, CBSHY)
EXP=SORT (HX%#2+HY x%D)
BINCL=ATANM(EXP,H7)
UNUMew X O (1) *SIN(BMEGAY*CASIRIMCLy+YLO (1Y« CBS (" FRAYxCol 17 L)+
CZLCI1)Y*SIN(BINCL)
DEM=XLC(1)*COS(RAMEGAYy+YLC(1 ) %S IN(aMEGA)
Us ATAN (MM DEM)
Wsl)mwVANAD
CT3=1TIvVE
PRINT 117,017
100 FERMAT(+™ILLISFEC=%18)
PRINT 127+ ALCHELCaTE2OMIGA,AINC,«
107 FERUMAT (1 HA»SALC2FT14.R, /7,4 . C25F16%,//2%TF 241 14.82//
FOME GAZTE 1602, /75331 CL=9114e82/ /7,80 23016.8,//)
4n ceNTINUF
GPTO 41

—

SPO5N PZF

) MIN ITTIME
s SIW xPOR0G
41 END
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APPENDIX C
F AND G SERIES PODM, POSITION AND TIME

- Given rq (xl, ¥is Zl)’ ro (x2, Yos 22) and their corresponding universal

times, t. and t2’ proceed as follows:

1

ry=t\ry o n (26)
r, = W, T, (27)
U - (28)
U, = % (29)
cos (\)2 - vl) =U; - U (30)
sin (vy - vq) = % 1 - cos® (vo = vqp) (31)
ty = tz—;ti (s2)
11 = ke (t7 - tp) (33)
12 = ke (t2 - tg) (34)
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ro

ro

=

i

Y‘2+Y'1

u T12

2?‘0

H T22

29

173

15

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)



Uo

Utilize the f and g functions:

and form

f1

2

91

92

C1

Y‘O3
"o'o
2.
"o
VQ2 - Y‘02 UO
2
"o

f (Vg, ro, r0s

g (Vg» rg» }:‘0’

f192 - f291

30

T2)

(46)

(47)

(52)

(53)



C =71
-f
. 2
G =75
. n
C2 =D

Hence, a better approximation to oo fo is given by

g =Cprp*Cr

Return to equation (41) and repeat the
continue until o’ fo,
that 1is,

A

1(rg)pe1 - (To)y |

A

|(F)pag - (), ]

AY

[(Vo)ner - (Vo)

Where €1, €5, and €5 are tolerances, i
utilize the derivatives of the f and g

f1

g1

rg =C;rp *Cry

equational loop to equation (58);

V0 from equations (41), (42),and (43) do not vary,

€1
€2

83, n = 1, 2,..., q

.e., 10719, Having r , r , and V ,

functions, that is,

f (Vo rg, 7g> T7)

g. (VOs o, f‘Oa T]_)
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(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)



to obtain

r = 1% 9%

Continue by calculating for classical elements
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F AND G SERIES FLOWCHART

S

XLC(n), YLc(1),
ZLC(1), XLC(2),
YLC(2), ZLC(2),
T(1), T(2), XMU,
XK

RLCN(1), VN(1),
RLCNV(1), )

ABS [RLONGH I
RLCN(@ <1010

o

ABs N0+ -
vN @] <10-10

ABs [RLENV(IXDD
RLCNv(lﬂ<lo—‘°

PAGE 34 PAGE 34
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F AND G SERIES FLOWCHART (CONT'D)

F

I PAGE 33

~—<

XLCV (1),
YLcv (n,
ZLCV (1)

‘&I

SOLUTION
FOR CLASSICAL
ELEMENTS

.&]

ITIME, ALC,
ELC, TE,
OMEGA,
OINCL, W
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NN

[aEa ke

101
C

104

[ NHEOROGRO R RO oM N
RCIERS]

191

FAND G SFRIFS PRELIMINARY BRBIT DETERMINATIGH VETHA™
PESITIAN AND TIMF (FSCBBAL,PAGE p=l)

DIMENSIPN RLC(R),UX(2),UY(2),UZ(2y s XL, YLC(P)»T(3),
CTAUP)Y s XLOVI 1) YLOV (1Y 2 7LCV L) s RLECN(PSI 2 CU21 0 CV (P2 Gy e 1Y,
CVNIRS) R CNVIRE) o XLON(2S) » YLON( 2B s ZLC - (23) » XL O/ (25) .
CYLCHNV(2E)» ZLONVI®E) L EVL1) o OV RICVIY L 21.C2)

DB 30 K=1,6

READ Thka TAERTIAL PRSITIAN VFCTORG ANE THWHR IR (AR SPANTTr © 1pmEC

READ 101, XLC(1)Y, YLC(1)Yr ZLCCY), Te1lys XL C(2)
READ 101, YLC(2), ZLC(P)s T(2)s x'Us x¥
FERMAT(5F16eR)

ECH3 CRENK

PRINT 104, XLC(1YaYLC(1)2ZL O » T X 0(2), YLO(™ 7100y Ti )y
CXMU, XK

FARMAT (1D s XLC(1 )= /F160R,//0SYLC(IYSIR1G84//7,0 200010 = T tien e/
1ET(1)=2T 168, //2a0XLO(PY2BF 1682/ /7, 8YLOUP) 2SS 1 o0/ /r 701 Ty T17 .
V/ /03T (P)=4E16e8s /72 5¥MUSFE14080/ 7, XK E 1405)

REGIN COMPLTATIONS

ALL META'SYMEDL 1S TTIME GUIRAUTINE

ITIvran

LDA 20358
STA P08
RRL! nans
RR DOKHNG
Fom ARDNPN
RET = D PLRGND
FIR

NE S U=z1,»

RLECUI =S"TTUXLCI Y » e Y O )y x%2+721 CLUY ¥
XY 2 XLOCND /RLCED)

UY(dysyloce )y ZRLC )

W2 (y=71L 0 Yy /RLCED

VCAS=UX (1Y« UX(PY+UY (1Y% Y (DY + 5701y % 7 (™)

CoMax|L Ce1) Y C(2)Y=XL.O(PY*YL (1)

VETHalRY /ARSI CAMYxSTRT (1 =0=V 8% D)
TI¥=(T(PY+T (1)) /7D

TA (1) sYex (T(1)Y=T(3))

TAHPYsY x (T(2)~T(3))

RMz (RLO(1Y4RLC(PY)/DWD

Az o 0m XM ' TAL (1) ¥ %2 /(P %Ny 7))

B a2 TAL(2)x %2 /{2 eN*RN x x3)
DELTA=ATA(PY=BxTAI(1)

XLCH( 1) = (TAUL2)Y/NELTAY»XLC( Y= (Ta 50y /70 LT AY % T
YL (1Y 2 (TAU(2Y /00l TAY wYLO ()= (TA () /DNFLTAYx YL O )
ZLCMI) = (TAUL2Y/NELTAY #2001y =0Ta Y /RFLTAY /LT ™)
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nom

XLC WD Y= A/ TAY XL (Y m (D/DF LT %X, T (1)

YL v ]3:(&/“F1T')*Y!F(?)-( /"rnTr)*Y'”(1)

ZLCNVIY = (2 /PE L TAY /L C (P ) =t “VLTI)*/QF(1)
RECG(LY=SORTOXLCM (1) w* 2+ Y0 (1)xx 200 (T Yk

VALY sSoRTIXE CNY 1Y % e P4 YL VU () s w2420y ) ) ey
QlF‘V(1)—(XL’\(1‘*xl"“V(’)+Vl"”(1)*V‘F MY+ Z Uy N LT

T/ELCM
BEGIN FoaAN™ 0 GERTES JTURATIAN

NE 532 T=1,%5
ATWVeD e/ O (1Y =N T ee2 /X"

UNsXM iz o (Tywen

Pla(VLe (1)L Iy y /R Ty s
v LTy x%2=XLCM Ty w2 Py /RO (1)xx2

30 D3P L=, P
FUU) =2 =DeSau xTAULL ) w243y Gl w0Nx T4 (L) *¥341D/2600 w00 x
TONe IRt PR D M e 2y T AL L )*"4+1-7/‘2'7?‘(7-'_‘«\’\"3’\ui':-':. S x
CHONMal ey 2O Y x TAL Y kx5 41 02/700a 00 (A3 0% NP Dy QM mr 5 y 2,
O e T IAE LIRS DL WS E ZOLIE § e ;x1++"-"_|_’\.(}xU‘nx;*-" AxT YT e X
P G(L)=TrA (L)-1-'7/‘:\ dw \*T\x)(');(.*\_’4‘1‘.9//4,,_",;‘“\_;(.l".T,‘ ,(l_)k;',- - /1,
5 ¥

(“*(fa,.(\*l_j'x'}\-aJ.,)xl.‘\x"' FH23 APy R TAUCL Y ¥ ¥4 et /73R a D s (N1
TRMAXR=RN VL XD TN R TN 2 X TAGLL ) wxd
D=F (1) 7 (2)=T(P)*x" (1)

Clyy=n(2y /™

TUPYz= 1Y /D

CV(lYy==r () /"

CV(2y=F(1) /D

XLCTH T4 y=0 (1) #XE T+ 2y, CLP)

YL T+ =20 (1) %Y COiY+C 2y e YLO (A

ZLC I+ =01y =21 OOy +C Py ZL0 (7

XUCWV Ty =0V sXLOt 1)y + TV 2y 2 XL 2)

YLOTVIT+ )y =20V YLO( )+ 00 (=)%Y T 2)
ZLOTNCTH1 =0 (1) #7000+ 0y x 2L (P)

RLO(TH1 )y s QLR T ANC T+ ) * w24 YL O (T+1) w22+ 2L (T4l ) xx")

VP T4 ) = 20RTOXL O VLT ey e x e YL ONO (140 ) w24 /LW T+ ) Y

RUCTVOTH ) = (YLO OTHy el OV T+ e vRON T+ 1y w YL (e
CZLC T+ s ZLONY T+ Z7REC g T+])

CT1=171v¢

RRIYVT 1297, CT1

PRIVNT 172, KUONIDY s Do), T, RLC Ty
107 FORMAT (100, 2PN =tF1Aefty#xxx 12812, //, 5V (])y=T1 16 %s cxx =170,

1774 R 10 V() =101 e R xu®[2112)
ITIMP =0

47 IF(APS(”[C”(Y+1)-QLC”(I))—quun/WWWQJ1) PR S¢ PR
42 TF(ABS (O (T41) =V (1)) =0+0027020021) 42:153,53
49 TF(ARS(TLCAVIT+1) =RLONVIT) ) ~Ce22070)07 1) 50,
313 CenMTIN U

)5

SELVE Fa™ INERTIAL VELACTTY VECTarS XIOT,v0aT,7.°1,
50 XLCF=XLr(T+1)

YLCF =YL (141
7LCF=70L" (T+1)
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[ Ra NS Eay

YLCVE =X ruv(T+1)
YLCVF=YL r Y T+1)
JLCVE=7L 0% (T+1)

FVL Y=ty TAR( 1) 420 /2 LN PN#TA (1) x %P4 100/ 0re X { e T -1
CUMROR x4 % x2) ¥ TAJ( 1) a %3430/ R e nu (7ol v M aP i i3=340% . - !

CxPMY*TA L) % X4 46eN/720e 0% (430D % #PMNx¥D2% T2 e T8 Sikx "0 7T - a0 3
o L IR EORE T - - W s PR EL N a b PR J-E RS T S EIL DAL TERVE X AR B RSN (O I
GVE11=1 =" SxUNsTAL (1) xxD 3 ™MD TAS(I ) x 23+ e L/ e )x 070 s Cot=
CUSeNalUN x!? *x P+ U2k TAU{ 1) ¥ 4441 0n/60e D% (D1 00N e Bl we 2= o 00
CPNe N1 2 dx Nk x2x PN« TAU(1 ) 245

XLOV(1)Y=FV(1YaXLOF+35v (1) ¥X] CVF

YLEV (1Y =PV (1Y xYLOP+3V (1) %YL OCVF

ZLCVI )Y =PV (1) *ZLrF+ay (1Y *7 | TVF

CTRr=1TIMF

PRINT 177, 0TP

PRINT 177, xLCV((1)aYLCV (1Y, 7L0V 1

FRRPMAT (100, Y L CV(1 )21l 1AeR, //2xY1L V{15 P 16sR, /¢ 7.0V by r” 2 e

SPLUTI®Y FOR CLASNICAL TLFN¥TNTS

TTIVE="

RLC(1)Y =7 D T(YLC (Y * w2 YT 1) w2+ 0 CO1Y) %x7)
RENAT2X A1)« XLCV L) +YLOC1 Yy «YLO V(1) + 2 Ty 7L 0200
ROV ) =DPRNAT/RLLA(L)

VaGORT YL OV w24 YLry (1) »e ¥ 2L Cop 1) #2072
AL P (RECEI Y aXMY /(2 a XM ey x2%5 L (1))
COURE = (4 =L (1Y ZAL0)

SSURM= (7L OV (1Y *RLC01)) /7837 T (XVUx AL 0)
ELC=CnRPT(RCURE 2+ RE Yy ¥2)
COSE=(ALr=-"LC(1 1}/ (L0l

XGUS = AL P (CREM-FLC)

CESV=XT . /RLC(I1)Y

SIANVaORT(RELO(1) **2=-x3URMxx2) /RLC(T)
SINE=S0 T (1o 0=FLO** ) ST/ (100401 C*STY)
FaATAY (QT5F, COSES

TE=T (1) ((FoFLOXGTING )/ (XKxGTIRT (X)) ) ¥ 30RT (ALC 3
HX=YL Oy« 210V =2l r {1y xyLovet)

WYz (XLO ()% ZLCVI) =ZLCtLy 2L CV (1))

MZeX| Clr Y« YLOV (1Y =YLO(1)Y*XLOV (1)

VANGE = ATAY (ST, 025y

SIMNHX=FY

Cray =ty

AMEGAZATAN LG TNHY, C%1Y)

EXP=G RT( a4V R22)

BINCL=ATANIEXDP,,H7)

URUMa XL C (1) *STNAMEGAY #CAS(RTNCL Y +YLOC1Y «CRB (VTSR v T T 71
CZLCL1Y »aTr (ATNCL)
DEM=XLO(1YxCPSEIVTGAY +YLO (1) xS T (*MPGA)

s ATAM (L LM e

WNzljeVANAT

£T3=1TDw

PRINT 177,073

FORMAT(+TLLISFC=¢t13)

PRIMT 107, ALCsELCHTE,99EGA,RINC,W
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FARMAT (140 3ALC=4F
) iID2% A =4F 14648 xS =EF !
1$@VEGA=¢Eib.ﬁ,//,¢afwcﬁﬁgéi;Eg,j‘121?74/"TF‘4515’3'//'
CANT TAUP Gr//pBRRIEL6. 81000
6P TH A1
PZE
MIN TTIME
BRU XxO0RIS
Fan '
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APPENDIX D

ITERATION OF SEMIPARAMETER PODM, POSITION AND TIME

Given ry (Xl’ ¥q» zl),
times, t; and t,, proceed as

COS (\)2 - \)1) =

sin (\)2 - \)1) =

As a first estimate, let

Pg

rs (x2, Yo 22) and their corresponding universal

follows:

ke (to - tq)
+ rl N rl
+"‘/ rz o }:2
15

r

L2
[

Up - U

X1¥p = Xp¥q

2
T}iyz “Xo¥7 1 -cos (vy - vqy)

0.4 (ry + rz)

39

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)



and
P=Pg

and continue calculating with

e cos v1=p———1

e Cos vy = ,‘% -1
cos (\)2 - “1)(e cos \)1) - (e cos \)2)
€ Sin vy = sin (v, - vq)
i - cos (\)2 - vl)(e cos v2) ~ {e cos "1)
\)2 = . - i
sin (\)2 \)1)
e =‘\/(; cos \)1)2 + (e sin \)1)2
a = P
1 - e2
_ B
n = kg 23

40

(74)

(76)

(78)

(79)

(80)



u@;f.e.ﬁvy v

If e # 0, proceed with equation (81); if e
continue with equation (83).

Cos

By

sin Ei

= o within a given tolerance,

ri
'E— {cos v; + e) ,

1

Continue calculating with equation (88).

cos

Ccos

sin

sin

1

i 2 .

P \/l - e sinv;

0 ,v; =0

1

cos (v2 - v1)

0

sin (vz - vl)

Ei - e sin Ei s
M, - M

- ( : n 1) ke

41

(81)

(82)

(83)

(84)

(85)

(86)



If F =0, proceed to equation (92); if not, increment p by 5 percent and, by
repeating equational Toop (74) through (89), obtain

Fe(p) = Ll op) o F (p) (90)

Hence, a better approximation to the semiparameter is

Fp)
pj+]_ = pj N pj > J=1,2,....9 (91)

Repeat the above Toop g times until p is constant within a given tolerance,
i.e., 10710, Finally, continue calculating with equation (92).

f=1- %I [1 - cos (E, - El)] (92)
3

g=1- %_ [E2 ~ El - S'in (E2 - El)] (93)
ro - fr
. -2 -1

t = (94)

Continue by calculating for classical elements.
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ITERATION OF SEMIPARAMETER

XLC(1), YLC(T),
ZLC(1), T(1), XLC(2),
YLC(2), ZL.C(2), T(2),
XMV, XK

ECHO
CHECK
ITIME=0

ABS [F(I)] <1010
PAGE 44

DELP=0.05
PLC

H PAGE 44

43




ITERATION OF SEMIPARAMETER (CONT'D)

XLCV {1),
YLCV (D),
ZLCV (1)

SOLUTION FOR
CLASSICAL
ELEMENTS

YTIME, ELC,

ALC, OMEGA,

TE, QINCL,
W

44

PAGE 43




TTERATICY &F SUMIDATAYpTOp ~OO) 1rgr ARY o2 [T L els oy
POGTTIAY AND TIVE (TRCHTAL,DAGE D11)

NN

DIMEPGIo TPy DL (2 Y (20 L), 008y () 0 B
COESVIPY SISV MRS (2 [TV (), 8 GTDY) X DA (23 0
TILCV LY SOV s C1Y s XL (Y s YL o2 0.0 E2) s T ()

r)f\, ‘:C !(\:1)#)

READ Teo 1 EETLAL PRGITIN wOCTPRa AND Twd [0 (=7 ap

[ Xa e

READ 104, YLO(1Yy YLOC1Ys 70000, Ty XLC(A)
READ 101, YLOA(D), Zir{DYs T(PYs N'Js N~
FF7W"4AT(CF1{_~.Q)

]
-

ECun rrreg

o NeRal o

PETT 1a, XL CEUY oYU o1y e 7070y Tty L Oy s Y 0y, 70 7
ML, W
104 FoRUVATEL D, 2YLC(3Y=2 T1aaR, /7,20 7)Y V06080 //7,87.7 ()
BT ) =T A eRa /0 tYLIUDYS T Ny /7 08I0y 71 0 v /75
/s ETUD Y2016 eRy /7y WMz 01y aRy /s, 0%z 1.0 )

-

—

RE Aty con TATIANR

Al [, T Tarvayvig 19 tr1oroa """{“HTZ"’:

| NS I ]

1Tt e

LA nanha

S %

S STA nAGk

S RE 2lalolt
SPn5 R ArHnG
sPh0 e gkalelamie
S PRT = DronDnn)
g e

TA  =2Y "% (T(P)y=T(1))
DR 4 =4 ,0
RLOG DY =0 TUYLOC DY * s 5+YE T 1y *xDa 70 C ) * x0)
UX(dysXe m e U)y /RLC D
(=Yt oo/ Lo 0h
4 G2 (dY=70 c ) /RO
VOS2 Y1y xUY (2 + Y (1) » YD)+ U7 (1) %22 (™)
CO2YL Oy xYL C(PY=X) o(2) %Y T (1)
vay \;=\r*r-w/;‘ RSN {_'r.w') xS (1 ,,_f\._'_f(“\f:x %)
Pz enms (U1 +R C(2Y)
DL r=0"

ST JTOOATISN OF SuM[PARATTTER

MO N

11 DO hsx T=1,P5
FCasv(1y="LC/RLC(1 ) =107
FOASY UMY =PRI C/RLCEP)Y =1 D
TSIV 1Y (YCOS#FCAS (1Y =Fra V(2 )y /VGTN
FQT" APy (=VOES*I T30 (oY +PCHESY 1)y /VS ]
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24
5

2R
29
39
31

3%
37
40

107

41
42
41
44
45
46
47
4R

49
57

J
)

YY) e

ELC=GIRT(ABRS(ECOSV(1)xx2+ESINV (1 )x%2))
ALC=PLC/(1C=ELCxx2)
ETA=XK*50RT(ABSIXMU/ZALC*%R) )
CesV(1)=PLO/Z(RLC(1)xFLCY =1 0/ELC
COSY(2)=PLO/Z(RLC(PI=ELCI=1.0/ELT

SINV (1) =(VCBE*ECASV (1) =TCa3V(2)) /(VEINEL D)
SINV(2)=(=YCRS*INASY(2)+F rAGV (1) Yy /IVSIsFLO)
IF(ELC=".020000001701) 30:+30,75

DG 28 N=1,?
CASE(MI=zRLO(Y)/ZPLOH{CASVINY +FLD)
SINE(MY=RLC(MN)/PLC*GIRT(10=FELC*x2)*SIVV ()
ANGE (MY= ATANISTHE(NY, 08T (M)

G0 TP 32

ELC=0-D

V(1) ="eD

CASE(1Y=1.9

CASE(P)Y=VvCRE

SINE(1)Y="eD

SIND(PY=VS TN

ANAD (1 )=neDY
AMNGE(PY=ATANISTINE(2),CREE (7))
nNe 9 Mze,n

XMEAN (MY 2 ANGE (M) =Tl TG D)

I =T A lm ( {XMFANIEDY =X MEAN (1)) /F T Ay xxXK
CTis1TIVC

PETHT 107, CT1

PRINT 192, F(I)s1
FARMAT(11iN»4F (1) =BE1AsRT¥xxxx]=10)
1ITIvME=0

IFCABSH(O 1YY =02 0N20 0007y 490470 ,47
1F(I=1Y 472472473
FPpo=(r(1)y=F(1=1))/27 1P

TF(ARSIT (1Y /FPPanEL Ry =0 D007000001) 42rah, 40
MLP=-F () /F0P

50 TR 4o

DELPeN e u L

BLC=ARS(DL C+TELLP)

SALYD BN TNERTIAL VILaCTTY VOOTHwS XT3 T, v 1, /7

FLOs1eDm (AL C/RLCEII I Y (1o 20 SCA 2 UP)="050 (1))
FLC=TAU=SIRTIALO*#3 /4™y v (AP Gy =8 G L4 -8T" (£
XECV (1)Y= (XLC(2)y~T1 Caxl(1yy /GLE

YLV (1 Y=Y CU2)y=F1. 0yl Oty /030

ZLOV1Y=t70 Ct2)y=TLCo7LC (1Y) /GLE

CTn=]T10

PETMT 191,017

DETIT 177, XLCVEM)Y s YLOV (1Y, 7LV ()

FRRUMAT (43 XLONA 1) =217 e, //adY PV 5650 s/

V)]

ALJTIAY FOQ CLARSIrAl ELivi TS

TTrAe=n
RLOCIIsO R T(YLO(1 ) *x24+YL Oy » xR 7  C(1)*x7)
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;W

RROAT=XL.C(1)*XLOV (L +YLCU1y *xYLCV (1) +2L7(1y*2LCV (1)
RLCV(1)=RRDABT/RLC(1)Y
VeSORTIXLCV( 1) **P+YLCV (1) 2 %24ZL CV (1) *x2)
ALC=(RLC(1)#XMUY /(205 XMUaVxa2%R| (1))
CSURE=(1+2=RLC(1Y/ZALC)
SSURE=(NLCVII)Y#RLCI1Y)/SART ( XMUxALLC)
ELC=SNRT(SSURE**"+CSUBE*%P)
CRSEC=(ALC-RLC(1Y)/(ALC*ELC)
XSUBW=A| Cx (CASECWFLC)

COSVC=XSUIBRW/RILC(1)
SINVC=SNRT(RLC(1)**P=aXSURK%«2) /KL (1)
SINEC=STRT(1«)=CLC*¥*2)*STMVC/(1e0+ELCxSTINNVC)
E=ATAN(SINFC,CASFC)

TE=T(1)a( (F=FLC*SINTCY /UXKHSRRT (X UJY )Yy *ETL T (ALLx % 3)
HX=YL (1 % 2L 0V(1IY=ZLOC(1Y*YLOV (1)

HYz e (X7 (1Y% 71L.CVI1) =70 Ct Ly e XLCV (1Y)

HZ=XLC Iy« YLOV )Y =YL (1Y XL OV

VAMGE = ATAN(STNVE, CB5VCE)

SINHX=VYX

CHGAY ==ty

IMECGA=ATA (STINHX, CB5-4Y)

EXP=S RT (X240 Y% %)

BINCL=ATAN(EXP,H)

UMMz a XL O ) ¥ STNEAMEGAY »CRS(RINCL 14+ YL O xCPS(DF LAY«

CZLC(1Y*STV(RINCL)
DEMaXL O ) »CRS(IMTEAY+YLO (1) %S T ( ~MEGAD
s ATAN (0 Mg, DM
Azt VANCT
CT3=17T1IYr
PRINT 1177, 0TR
101 FERYAT(+* 1L LISEC=%21")
PRINT 107, AL CaELCaTELAMEGA,OINL , W
107 FORMAT (120, 3ALC=2T 1648, //2% 1.0t 1hes 7/, ' TH2uT 14480 //
1R GAS " F 1A a®, / /s 0TV 0Lt 14080/ /7, F 0211684/ /)
a0 CANT I E

aR TAH S
SPNB) PZE
s MIN 1My
s BRy *POR08
51 Fan

47

’ -

1

LY



APPENDIX E
GAUSSIAN PODM, POSITION AND TIME

Given r (Xl’ ¥y Zl)’ r, (x2, Yy 22) and their corresponding universal

times, ty and ts, proceed as follows:

rpE=tvry
ro=+Vr; -1y

LIS

cos (v2 - vl) = i,
XY = Xo¥1

S'in(\)-\))-'-'rf‘l’ l-Cosz(v—\))
2 1 X1¥o = Xo¥q 2 1

Obtain the constants

rntr

5

1
( 2
4 rirp cos

T

3
Y -V
[2 ryro cos _(—317?——1) ]

48

(95)

(96)

(97)

(98)

(99)

(100)

(101)



As a first approximation, set
y=1
and continue calculating with

m
X =5 - 1
y

1 - 2x

(2]
(=]
%]
——
m
AN
1
m
=
——at
I

E, - E
sin (_Z____EJ = Vax (1 - x)

(E2 - El) - éin (E2 - El)

E, - E
. 3122 1
sin ( 5 )

1+ X (1 + x)

<
I

If y is now equal to the assumed value within some tolerance, continue with
equation (108); if it is not, place the value of y from equation (107) into
equation (103) and repeat equational loop (103) through (107). Continue
calculating with

| 'l ‘
[Zy V rori €os (XZ_%_XL) sin (Eflé%liL) }

49

(102)

(103)

(104)

(105)

(106)

(107)

(108)



f=1- f.—l [ - cos (£, - Ey)] (109)
[3

g=r1 - 'ﬁ— [(Eg - E7) - sin (Ep - El)] (110)
- f

ry= 27oh 3 2 (111)

Continue to calculate for classical elements.
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GAUSSIAN FLOWCHART

ABS [:YLCP () ~

XLC(D), YLC(T), YLCP (141) ]90-10

ZLC(1), XLC(2),

YLC(2), ZLC(2),

;m, T(2), XMU,
K

R

ECHO
CHECK
XLcv(l),
YLCV(1),
ITIME=C ZLCV(D)

SOLUTION FOR
CLASSICAL
ELEMENTS

ITIME, ALC,
ELC, TE,
OMEGA,
OINCL, W

YLCP @1+1),
I

51
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c GAUSSTAY POCLIMIVARY SRETT “ETEv INATT . VLT o
C RESTTIAY AMD TIMD (EGCRPAL,TAGE (ng)
C
DIvErCTe X’Lf'(");‘(l TUPYs 7L CADY oL 0P ) S YO Rh ), Ty (),
CYLOVIY 700V Y s THU2Y, RUCY (4

')f?. 7C \51'.'
C
e READ Twn 1°C9TIAL PAgITIN JCCTonn avs Thp 1. ¢ 3mgp s o1
C

REAT™ 10, XLO(1Y, Yire1)s 70001, T1ye Y 02

REAT™ 101, YLTU(RYy 70.0(2Yr TU2Y,s K0Us ¥
1721 FERQUAT(T140,9)
C
C Frwm® rlrrg
C

PRIST 17na, )L CUY» YL o) a7 (1Y, T ) o'l ) e YL {2y, 20 D
XML X

104 FARVAT(L Y C{1)=18 14,/ /548, 7 (1) = RNV SR Gl I
&

17
TET (1 y= " Gama/ /s xXLT q)—4”'1’-f"\l//r”"YLC AR LN NN S S I
2N R RS LR T VAP REASVELE R VIR At Jr =)
C
C REARIrY oA TATIAONS
C
C AL L \;{‘TA\Q("\“V)\AL:;"[- T'; T-rInnr‘ [ r“n‘.;\:TI-f
C
1T =D
S LA s e
S STA pRiety
g ar ) GREL
§PNG 3R SRR
S210  Fov 223020
S BeET ~annhang
S e
ThdeXax (T (PYy=T(1))
3 e T=t g,

TORLCOD =R T OO a2 eyl OO xx 24 7L Ty v
VESSs (XL A1) aXLO(2) +YLO(Iy *» YLC(P )y # 7L 0 #7200 () /(R0 7 (1
'9“->lf(1)*YLL(°>-X1F(»)*Ylf(1)

VET Iz R /ARSICAMY 2G0T (1 a0Vl 88%%D)
ANGV=ATLY (NS TN, VORS)

DLa(RLOCOY+RLE(2II/ (4o 20 SARTURLC () *RUTUDY ) %077 (8 GV 0 T
DM (X YLisTAL %2/ (D’ ),t‘/\[)T( CLLY 2 LCRY )Y %080 LM /Da a )y
YLOP(1)=1.7

c

C BEGIN OAGRIA. TTORATIA

C

12 D8 10 I=1.75

XLOP="N /Y CR(T) x*R=

FCRG=1enaDsouxLCD
FQUisClmT(4.0%XL B (1 ,0eXL CH))

ANGE =2 TAN(FST N, F RS

X ({(PeDxANGEY=SIM (2.0 A" Oy Y /(SIN(ANGT Y2 %)
YLOP(T+1 Y=t e D4 X®(NL+XLCP)
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CT1=1TIF
PRINT 177,071
PRINT 172, YLCP(T+1),1
107 FORMAT (4 -0, 3YLCP(T+{ )= 1pe "t urxxxI=d])
ITI™E =D
1% TR(ATS(YLCR (DY =Y. CP(T+1 ) =2.0000000001Y 2,020,170
12 CeENT I LIP

SALYE FAR INFRTIAL vELACITY VECT®3S XN T,.v2°T, 7071,

[aNala]

Y
(9]

As((TARSORTIXMUIN Y/ (2= YL CO(T+1 ) xSARTUTLO(P )« T (1) )~
CCAS(AN BV /220 *STHV(AGR Y)Y ) xw
FLC=1eD=(A/RLC{II)I*(120=CRS(2e0xpNGR))
GLOzTALSSIRT (A2 /X" )Y % (P e D ANGE a3 T (P ex An5T) )

XLCY( 1) =(XI Ct2)y=FLCxxl C¢1yy/CGLC

YLCY (1)Y= (YL Ct2)=FLCxyL (1)) /nRLC

ZLCY (1)Y= (ZLCt2)y=TLC7LCC1YYy/CLT

CTR=1T1Vr

PRIMT 10",CT?

PEIMNT 1773, XLCVI1Y2YLCV1)Y,/LCV (1)
107 FERAAT (1D, IXLOVIL) =tF 1622, //a Y rVIYs i1 6e8a /2L 0020 24

C SHLJTIoY FARR CLACGIZ2L FLEYONTS

ITI¥F ="

RLO(I) =072 T(XLC( 1Y * 2+ C(1y**2+71 C(1)xxim)

REMAT =X C(1)*»XLOVIL Y+ YLOOY « YLOV Y +ZL Ty %700V (1)
RLCV(1)Y=RRTBT/RLC(1)
VESTUETUINLOV I )% x 2+ YL AV (1) xx D47 L0 1) %x™)

ALCs({TLO( 1Y #X MUY /{2 a0 X e x#P w7 (1))
CSURE=(10=RLC(1Y/ZALT)

SQYRE = (TL OV ) %R T ) 7ERT XM A C)
CLO=STIFT(STURE x40 T x D)

CRSE= (AL "= (1Y /(AL CxTLD)

XStiiv = Al Cx (CASE - Cy

CESV2xS e /RLC(LNY
SINVV=RQTT(RLO (1) %2y Oyl Y%« D) /R (1)

SINE=CR0T (17 =FLrx*x2y %51V /(1040 CxST7V)
E=ATAMN(RT YR, COSF)

TE=T (1Y m((FebLC*OINT )/ (XKaR DT LX) ) xS BT (AL x5 3)
UXsYLOC{IY* L0V 1Y =210 (1Y *YL2V (L)

HY=w (XLO (1) *7LCV 1) =2l CCLy % XLCV 1Y)

HZ=XL Oy xYLOV (1Y =YL (1) *XL CV (1)

VANAE = ATANM (S TNV, CASY)

SINKX=kY

CRSHY=zm!iV

AMERA= AT AN (S TNHY, CB51Y)

EXRP=GRRT (X *%x2+HY %D

AINCL=ATAN(EXP,MH7)

UNIM2«Y] F (1) %31 (OMEGAYxCAS(ATNCLY+YLCU1) xCoS " " oA« 1 L)+
CZLCEL)Y *»3 1N (TINCL)Y

DEY=XL CO1)Y)xCPRS(AMEGAY+YL C(1 ) xS I (»MEGA)

Uz ATAN (LN DEM)

wzijeVANOE
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CT3=1TIVF
PRINT 170,077
100 FaovAT(«+MILLTSEC=%]9)
PRINT 177, ALCHE| CaTF,OWFGA,OTNC &
107 FARAAT (1D 25 ALC="T 1508, //2%5FLC=57160R3, 7/, TL 24714480 //,
13OVEGA=1E 16082 //0 20 INVCL=¥014080//, 8028716480/ /)

72 centIvtLr

Ge TR 49
SPN3) PIr
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APPENDIX F
ITERATION OF TRUE ANOMALY PODM, POSITION AND TIME

Given ry (xq, ¥1» z7), Ty (X5, ¥p, 2,) and their corresponding universal
times, t; and t,, proceed as follows:

= kg (ty - t;) (112)
rp =T\ (113)
ro= ¥\[rs * Iy (114)
T (115)
1
u, = ég (116)
cos (vp - vl) = !1 . !2 (117)
sin (vp - vy) = 'ziii - i;iil 1 - cos® (v - vy) (118)

As a first approximation, set

v = 0° (119)
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]

v2 = vy + (v2 -

(r

v1)

2 - T1)

e= ry cos vq

If e < O,return to equation (119) and increment V1 by AV, 10 degrees; if

e > 0, proceed with equation (122).

ri (1 +e

- ry cos oz

cos vi)

a:
(1 -e

If a < 0, return to equation (119) and increment Vi by AV] s again 10 degrees;

if a > 0, proceed with equation (123).

Vi - el s

2)

- in vy
S EL = 7 7% ¢ cos vy
cos vy + e
cos E1 = 7% ¢ cos vy
Vi - e2 sin Vo
sin By = 7% % cos vo
cos vo + e
cos E2 = 7% ¢ cos Vo

My - My = E, - Eg +e (sin E; - sin E2)

u
n=k\/ 3
a

56

(120)

(121)

(122)

(123)

(124)

(125)

(126)

(127)

(128)



el iy

My - My

If the iterative function is less than a specified tolerance €1 that is,

10719,
|FI < £1

proceed to equation (135); if not, save the numerical value of F and increment
vi by a small amount, Av, to obtain

v, + Av
Repeat equational loop (120) to (129) obtain F(vq + Av) and form

F (vl + Av) - F (vl)

F’(Vl) ) Av

Improve the value of v; by

(vl)j+1 = (vl)j - E,%%:igi%” R i=1,2,3,....q

If
[vdge1 - Ozl <2

where e, is another specified tolerance, i.e., 10-10, proceed to equation (135);
if not, return to equation (120) with the improved value of v;.
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(129)

(130)

(131)

(132)

(133)

(134)



Continue calculating with:

f=1-5[1-cos (£ - )]

1

3

a .
g=r 'VT[EZ'El - sin (E2-E1)]
st fh
1 g

Continue by calculating for classical elements.
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(135)

(136)

(137)



XLC(1), YLC(T),
ZLC(), T(D),
XLC(2), YLC(2),
ZLC(2), T(2),
XMU, XK

ECHO
CHECK

ITIME=0

ITERATION OF TRUE ANOMALY

FLOWCHART

59

<10 =10

s o]

P

PAGE 60



ITERATION OF TRUE ANOMALY
FLOWCHART

(CONT'D)

DELV=
0.05 VL C(1)

PAGE 59
FPV
|:~E|.v]<1o—‘0

ABS [fiﬂ__

>

PAGE 59

xLcv(l),
YLCV(1),
ZLCV(1)

SOLUTION FOR
CLASSICAL
ELEMENTS

60

ITIME, ALC,
ELC, TE,

OMEGA,
QINCL, W




C ITERATION PEOTHE TROE ANSMALY Phep IMInAy ey D071 0 p 0 Mo
C PRGITIAY AND TIMF (FSCPRALL,PAGE 213)
C
DIMEAGTION F(P5)  RLC(2) N2 YUY (D)2 202 oL Oy o B0 TINC Yo T ()
FECAG(PY s ANOE (R »YLCE2) , YLC(PY s ZL 0Py ax iy (1YY OV /07 T
N2 30 M=t,Ah
C
C READ Twe INERTIAL PRGITIAN VECTODG AND The [W O gps et AR
C

READ 101, XLO(1)s YLO(1)e ZILC(1), T(1)e X.C(2)
READ 101, YLO(2)s ZLCU(RYs T(2)s Xip X4
101  FERMATISBF160R)

c FOoWe CHErL

PRINT 174, XLC(AYaYLO () o 7Lty e T o X 0oy o YLO(Py 70 0oy o7 ¢ " Yy
XM XK

104 FERMAT (1 R, 32X (1328016, //28YL (1) 2151484774707 L1277 " e o0/ /0
1$T(1)=2F 1 ARy //s¢¥LCUIP) =¥ 14080/, BYLOE) =90 b wr s //0 20Tyt T 10

177017 Y21 16082/ /0 5XMU=FF10aR0 /), 8¥ K" F1/a2)
REGTN COMPLTATIONS

ALL MOTATSYMBYL T2 ITIVME §iRAUTF

1710 =0

LCA AN3S

STA 2005

3 ARy 2006

275 RBR™ PNHNG

Fow 1PNNPD

PRPT = 0°P0R0N0

FIR

TA =XV (T (2)y=T(1))

Ne 4 J=1,7

RLO(D) =00RTIYLCI N ¥ a2+ YL O () ¥ *2+ 7 CJ)*xD)

XDy =XLoeh /RLELD)

JY (Y sYLT D ZRLCC)

A UZ ¢y =710y /7REC )
VEAS=UX (1) xUY (2Y4UY 1y w dY 2y +UZ (1) %12 (™)
CEMzY L Ct1)yeY C(PY=XLLO(2)*YLLO(1)
VST =CPY JARS(CAMY ¥ SOURT (1 e 0~VIAS*xx2)
ANGY=ATAN (VS TN, VIaS)
VLC(1)=2.05

mmw

0w w
By
QO
o

wmw

C
C Gl TTORATIAN AF TRUE AravBLY
c

11 NE 35 121,75

17 VLC(2)=VLC (1) +ANGY
ELC=(RLC(2)=PLO(1)) Z{RLCUIIY«CES(VLC(1) ) =RLCU(PY =23 (v, Ty
IF{ELC="a000NI02N0LY 1721715

15 ALC=S(RFLO(IY* (1040 LOCBSIVLO(1) ) 1)/ {1aD=F1L Cxxr)

16 IF(ALC=n.0000000771) 17.17,19
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”9
30
31
37
33
34
35

InEaRe]

34

107

VLC(1)1=VL C(1)+0s1740232925
656 Te 12

ESIN(1)=S2RT(1s0=CLCK¥2)¥ST  (VLC (1)) /(1D4ELCxCL

FCAS(1)=(CRBSIVLCIII Y +ELC) /(1040 LC*CASIVLI(1)))

ESIN(P)=(SORT(1ad=ELCxx2)*SIN(VLC(2) ) )/ (1. 0+F LGV
2

ECAS(?)=(CRSIVLO(P) )+FLC) /{1 0+4FL*CAS(VIL(
ANGE (1)Y=ATAN(ESIN(LYLECRS(1))
ANGE(P2)=ATAN(FSIN(2),ECRS(2))
DIFM=ANCE(2) = ANGF {1 +CLC(ESIN(1)-ESIN(2)Y)
ETA=XK*SMRT(XMUZLCx%x3)
FUIY=2TAL=(DIFM/ETA) #xK

CTy=17T1MF
PrINT 1nn,fT*
PRINT 102, F(1
FFQMAT(1J“A%F(
ITI#E =0
IF(ARS(O L TIN) =D DNNI0N0307 1Yy 627,29

IF(T=1) 24,34,30

FPV2(F(T)eF(T=1))/D0 Y

TFCARS(O( TN /FPV=-"TLY)=0a000 00005 ) 30 73P, 37
DELV==F(I)/FPV

GR TR 33

PELY=0e00xVLO( D)

VILEC(1)Y =YL 01y +D0E v

SOLVE Foaw INCRTIAL vriaclly VOCTaeg X707, v0

FLC=1sC=-r AL C/RLOCUIN Y (140 "“Q(A."(“)-ﬁ‘ﬁi(}

BLCTAUCORTLAL Oy a3 /MUY X (A GE(Sy -AGE (5 =GT "

XLOV (1)Y= (XLCU(2Y=TL.Caxl C(1 YY)y /RLC
YLOV (1)Y= (YLC(2) =P LCxYLC(1)y)y /GLE
ZLCV (1) =(ZLC(2)=F1 Ce7L (1)) 20BLE
CTr=1TIVE

PRINT 107,010

PRIYWT 177, XICV(1)YsY
FARUAT (10,4 YLOV () =

LOVI(ty, /L CV (e
1 1AeR ,//;TYIf”(l)=?‘}6~

SELITIO FAR CLARSICHL FLre T8

1117 ="
RLC(1) =0 T (HLC (1) ¥xouyl g1y wxPa /1 C1)¥x7)

o

1)

T,

v /)8

(Py=-

7L

RENST=YL A1) xXLOY (L) +YL M)y «YLOV (1) +23 Ty % /L0 (1)

RLOV(IY=""T0T/RLCOL)

V= “““T(‘l’”(l)**“+Y'f\(‘)** HZL Oy D)
ALCs(RLOIIYRYMUY /(2 Y " a/ e x 2% (1))
CSU§[=(1-:—QIC(1)/AL”)

QOUPE 2 (L TV Y xR T /AT (X Ay )
CLE=QNRT 30,400 30 xaD)
CP%F:(AL”—”Lf(l)7/(ALC*FLF)

XS ea A Cx {COLF -7 )

cEQVaYSLH, /RLO(L)
SIvve SC"T(\LF(‘)v*?~x>\”V *2)Y/ROT ()
SIMF=SQ”T(1.0-FLP¥*p)!<I”V/!1~“+" Cx51 )

E=aTA (G0t , (ARG

62

SEVLO(1)Y Yy
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TE=T(1)=((F=ELC*SINF Y/ (XK*SORT(XMUU) ) ) *SQRT(ALCxx3)
MX=YLC (1) x 7L 0V =ZLCl1) *YLLCVLL)
MYz (XLO(1)*ZLCV 1) =ZLC (1Y XLCV (1))
HZaXL O )Y *«YLOV(L) =YL C (1) *XLCV (1)
VANGE = ATAN(SINV,CASY)
SINHX=H¥
CHE8HYz =iy
AMEGA= ATAN(SINHX, CA5HY)
EXP2GORT(HY % x2+HYx*D)
BINCL=ATANIEXPaHY)
UNUM=-XLF(1)*SIV(QMEGA)*CES(SINCL)+YLC(1)*C?S(ﬁ”VGA)*CPS(
CZLC(1)y*STH(BINCL)
DEMaX{_C(1)*CPSIAMIGAY+YLC (1 )y #S I (AMEGA)
Us ATAN{ MUY, DEM)
W= JeVANCE
CT3=1T1IvE
PRINT 177,073
197 FOQUMAT (+~ILLISFC=%1I%)
PRINT 1177, ALCIEILCaTR ,0MEGA9TNC oW
197 FORMAT (125 ALC=RE14eR,// 40 C=idt 1603;//) STE=F010eR0 /7,
LEPMTGAZTI 1A, //»e8INCLzSF 14 aRs//, 50217168,/ /)
90 CaNT INuUr

GH TH 44
820510 PZL
S MIN 1TIME
S BRI *x 23559
),*1 E‘r\r'\
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APPENDIX G
METHOD OF GAUSS PODM, ANGLES ONLY

Given a,, 6., d., AEi’ Hi’ ti for i = 1, 2, 3, and the constants dé¢/dt,
f, 3gs Us ke’ compute the following:

11 = ko (t] - tp) (138)
13 = kg (t3 - tp) (139)
113 = 13 - 7] (140)
A = :—3— (141)
13
5, - (Tmz i T32) 2_1 (142)
A3 = - TTT; (142.1)
B3 = (1132 - le) %\2 (142.2)
Tu = J.D.S(—SBEgISQZO (143)
890 = 9996909833 + 36000°7689 Tu + 0°00038708 Tu® (144)

For i = 1, 2, 3, compute

-
n

cos §; €OS o (145)

Xi ]

-
|

yi = €0S §&j sin aj (146)
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zi

11

2i

Compute the following:

a1

]
| =h
~—
N
Q@
)]

- Gli cos

611

= - G2.i S'in

1
-
n
~
[72]
—e
>
N
=
)

$; COS 8

Cos ¢ sin 65

.¢_i

= Ly (LyZLZB - LzZLyS) - Ly (Lyle3

- LzlLy3)

+ Lys (LylLZZ T LzlLyZ)

Lyolzg = Lystyo

D

65

(147)

(148)

(149)

(150)

(151)

(152)

(153)

(154)

(155)



a13

az1

a2

ag3 = -

a31

a32

a33

_ (Lx2Lz3 - Lx3L22)

D

Lyolyz = Lysbyo

D

_ (Lyalzz - Lyslzg)

D

Lxilz3 - Lx3lz1

D

(LleyB - Lx3Ly1)

D

L_yll-22 - Ly2Lzl

D

(Lxilzz - Lyxobz1)

D

LleyZ - Lx2'—y1

D

66

(156)

(157)

(158)

(159)

(160)

(161)

(162)

(163)



and form the vectors

|
1

|
"

|>=<
I

|=<
1

Z

Evaluate the coefficients:

[A1: -1 5]

(5, 0, By |

+

[Xl’ X2s X3]
[Yl’ Yos Ys]

[21’ Zy, Z3]

(3215')_(_+a22ﬂ'l
ag3 A+ 1)
(ap7 B - X+ap, B+ Y
asg B+ Z)

67

(164)

(165)

(166)

(167)

(168)

(169)

(170)

(171)



Solve

to obtain the applicable real root r,, and continue calculating with

uz

w‘

rp

AL+ By

A3 + B3 U2

68

(172)

(173)

(174)

(175)

(176)

(177)

(178)

(179)

(180)




°1

P2

3

Then, utilizing the Herrick-Gibbs formulas, calculate

1 )
T1713

dy

o

a1

jx=

a31

| oo

a3

- X+ajpB-Y

"X tagy A Y+ ags

*X+az, B-Y

Ap* + B1* up

Ag* + Bp* up

psl

i=i ~

- N

(Tl +

- Tl(

i

u

T3)(

U

Ag* + B3* up

3
12r2

I8

1

1
173

12r33

+

3713

69

|

)

B_ .

|

N

N

N

for i

(181)

(182)

(183)

(184)

(185)

(186)

(187)

(188)

(189)

(190)



-2

|

= - djry +dyry +dgrg

2
T2 n

From the f and g functions, calculate

fq

f3

91

g3
Continue calculating with

D*

= f (V2, T2, %2, Tl)

= f (Vz, r2, }2, T3)

=g (Vp, ro, 92, 1)

=g (Vp, ro, ro, 13)

= f195 - f39;

70

(191)

(192)

(193)

(194)

(195)

(196)

(197)

(198)

(199)

(200)



0
[l
0

U:(-lci)n

C2 = - 1.0
91
C3 = - _D-F

G = 1Ry + CoRp *+ 3Ry
- L + G
(e1)n = 7 (126 + 2328y + a136;)
(p2)n = - (az16x + a6y + a236z)

1
(p3)y = &5 (az16y * agely + a336;)

The first time through, test to see

(o) = pq! <
l(pz)n - pzl <
[(e3)y, = o3l <

if

71

(201)

(202)

(203)

(204)

(205)

(206)

(207)

(208)

(209)

(210)



-10

where €1, €9, €3 are tolerances, i.e., 10 ~°. If so, proceed to equation (214);

if not, return to equation (187) using (pi)n and repeat equational loop (188) to

(207); however, from this point on, test to see if

I(pl)n+1 - (01)n| < €]

[(e2)ney = (ednl < <2

[(e3)ne1 - (p3dnl < e3

And repeat equational loop (188) to (207) until test is successful.

by calculating

=poply - Ry

173
~no
i

ro = - djry + dory + darg

Continue by calculating the classical elements.

72

Continue

(211)

(212)

(213)

(214)

(215)



METHOD OF GAUSS FLOWCHART

g

ALPHA(1), DELTA
(1), YAME(1), PHI(1),
H(1), T(1), FOR 1=
1,2,3; XMU,
DTHETA, FLAT, AE,
XK, TID, T(4)

ABS [REX(I) ¥
CLC_] < 10-10

PAGE 74

DELR =
0.05 RLC(2)

ECHO
CHECK

ITIME = O ABS [REX(') -

EPR
DO 19

DELR] <10-10
)=1,3

PAGE 74

REX(l), RLC
(2), 1

PAGE 74

3



METHOD OF GAUSS FLOWCHART (CONT'D)

PL(D, P2 (1),
P3(1), 1

ABS |PI{I)~
P(l)] > 10-10

ABS [P2(I)—
P(z)] >10-10

ABS l}S(I)—

P(a)] >10-10

XLCV(2),
YLCV(2),
ZLCV(2)

.

SOLUTION FOR
CLASSICAL
ELEMENTS

.

ITIME, ALC,
ELC, TE,
OMEGA,
OINCL, W
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=

adn

108

110

s
s
mn

VHUO OO0
o

METHED "F GAUSS PRELTMINARY ©
ANGLES AMLY (ESCPBAL,PAGE 258)

DR 97 K=1,25

DIMENSTIAN TAU(IY,A(R)pBI3YLYL(3) YL 2 ZL(3)» THETA(3)Y s NEFG( )2

CREX(2S Y, YLr () aYLT U, 2LC(3) s RLE ()2 ULT(3) D13+ P(3)0L0(3) s
CGL(3)402(3)aX({3)sY() 2 Z{3)2R(B)S A1 (2)2A2(3)2A3(3),AS(R)»BS(2)»

CXLTV(3),YLOVI3)» ZLCV(3) 2 RLEV{3) o V(3) s PLCLR T QLC(3Y»FAT3Y S FT(3)
DIMENS I P“(3>:GT(?),F(3),1(?>;c(3)pP1(2=>pPe(Pw)pP3(?5)»
CTTEY s ALPITAT3 ) s OFT TA( ), g :

READ ANALE IFPUT TAT

READ 108, FLAT AT, YK, X, DTHAF TA

READ 109, T(4)sT(1YaT(P)Y»T(2),TUD

READY TUQTTLPPﬁ(TW7ALﬁPﬁIE)]LLPHA(iy”DFETﬁ(IY'T"ETK(?j
READ 102, NELTA(RY S YAYE (1), YAME(2Y, YAME(3),PHI (1)

READ e, PRI PHT ) ,HUT )y s H(2) ()

FORMAT(EF164°)

ECHRY CHFCK

PRIMT 110, FLAT A X, XMUsDTHEETA, T4 2 TIT»T(L) e T(P) 2 T (3

FRRVAT(1:0 s+ LATe"E1ARexx AT 5014 R7%xXKzaE{ b 88 %xXMo=al vy o o/ /s

1$DTHETA=CF 149 % 2T (a)=sFlr. 8Fx*T Jn=sE16R,/ /s
j$T<17;€f1a.r' *T(r Yt 162 xT{2)2sF 168

PRINT 111,ALPHA(4>,*LDHA(9).ALPHA(?>: ELTA(L)Y s DELTA(R) DF T8 (2) s

TYAYT(IY AP E(2) , VI (3]

FORMAT 1+ SALPHAIL) 26 16«2 Txx ALPHA(2)=BF 16 85x X ALPHA(R) = "1 AR,

177+ DL TA(1)23E1ARunxDPLTA(P)=uE 1681 %xDLTA(3)=1E1AR, 2/,
1EYA IR (1) 21 1AeRTax YA [ (P)=aT 160552 YAMF (3)23E16+9)

PRIT 110, PH (1), PHT (D), PT 3y, He )y M2, +(3)
FERVAT(AMN,4PHI (1) 1P 1A eRdxxPHT (2128 F 16« R8T %xPHI(3)2"T16eR.//,
1¢M(1)=¢f1g.Q*x*“(f)=ﬁF1A-v¢««H(R)-$F15.,)

BEGIL Frup{TATI?N G

ALL PFT2=SYMREL 10 TTIMF St RPUTINE

ITIVE=D

LA 2057
STA elzdoka
BRi pNoR
BRM FIaE A
Epm aRon20
PET = nonl2dro
EIR

TACIL) =Y R (T(1)="T(2))

TAU(I)Y=sxW» (TI3)Y=T(2))
DTAJ=TA(3)=-TAU(1)

A(1)YsTA (3Y/7TAL

BLY=(DTALxxP=TA (3 uxP)*A(1) /6000
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8

19

C TTERATTVE TEAP FER DETERMINING APPLUICABLE REAL RIAOT »F RLT{Y

c

A(B)lnTAU(l)/DTAU

¥ugw [Y¥#2)FA(31 /60
TU!(TJD- #15020:0)/36525 o0
= 13 3600076 RO¥TURD«DDQ3IRTOBTw¥2) /5792957735131
DB 19 J=1,3

XETJTECFSTOEL TACJTT#COS(ALPHA(J) Y
YL(J)!C“S(DELTA(J))*QIN(ALPHA(J))

ZUTIVESIN{DELTATJY)
THETA(J)-GTHFTA+DTHETA*(T(J)-T(4))+YANE(J)

=50 S0 2 O%FLAT-FLAT# a2 # (STN{PRITJ) ) ) w¥2)

Gl(J)GAF/DEMG(J)+H(J)

G {JdYBe{{1s O-FL,AT)**?*AE)/DEVG(J)+H(J)
X(J)=wG1(J)*COS(PHI(J))#CBS(THETA(J))

YU e G (JT*CBS(PRI(I) I*SIN(THETA(IY Y
Z(J)YeaGR(J)*SIN(PHI(J))

DXL I T# iYL I2Y*7L U =220 »YLI3 ) =XL (2T (YLT Iy *ZL (3 =ZL (1T y*YL(3))

CHXL(3)* (YL (1) *2L(2)»ZL (1) *YL(2))

AT I s (YL (2T *ZLTN=YLI)Y %7 (2)V /01 ~
AL(2)==(XL(2)*ZLE3)=XL(3) 2 (2)) /D1

ATV E (VLAY *YL(3V=XL {3y *Y L (2)V /DY
A2(1)sm(YL(1)*ZL(3)=YL(3)%ZL (1)) /D1

AP (PRl (LI *ZLI =XL (D *Z[ IV /D1

A2(3)mm (XL U1Y*YL () =XL(3) %YL (1)) /D1

AB(T R (YL I RZLT2T=YL(2Y*ZL 1T /701

A3(2)mm (XL (1) *ZL(P) XL (P)%ZL (1)) /D1

A3y (YL TIT*YLIP )y =X 2V %Y (137Dt

AXaA(1 )Y #X(1)=X(2)+A(3)%X{3)

AV AT T Y (1Y =Y(2TFATRYxY(3)

AZsA(1Y*Z 1) =2(2)+A () %2(3)

BXeS (1) *% (1) FBTIV*X3Y ~

BYsB(1)»Y(1)+B(3) =Y (D)
BRI V% Z (1 Y+B(3) %2 (3}

AS(2)zw (AP (1Y #AX+A2(2)Y xAY4+AP(3)%AZ)
BS(2) == (AR (1T #BXF A2 ST REY4AB {3V *E7)
CHIZm2aN% (X(P)#XL(2)+Y(P)¥YL(2)+7(2)%71(2))
TRUZTESHTT X (P Y ¥ *x DY (DY ww 2+ 712  ¥% 5y
ALCem (CHTHAS(2Y+AS(2) 2 %P+R( D) *%2)

BLCe=XP % (CHT*BSTRT+220% A8 (2 x B3 (27Y
CLCe=YM kP xRG(2) %*D

RIL.C(2)=t D

5

T2

DB 471
REX(I)sRL
CT{=TTIVE
PRINT 170,
”PTWT_T—f‘WEY(I)'EEC(ﬁ)A

FORMAT (1M, EPEX( 1)t 146+ R¢x x#RLC(P )60 16e3Fxxx12¢]2)
ITTYE=D

IF(ABS(QEX(I)-PEV(I-lJ)-O.QCOOOODDQl) 4R5,u8,49
TFTABSIREX(TY=09N00DN00001) ) 4R248,53

IF(Tel) 86,46244

RER=(REX (1 T=REX(T=1))/DELR

5
PY#% R+ ALC*RLC(P Y »%6+BLC*RLCI2 Y x%x3+CLC

76



47
o
48

|

~
m.

78

ULt

IF(ABS(REX R=DCLR)=N.0N00000001) 48,4545
‘DELR==RI¥ ¢ I
G TA 47

DELR=0"5xRLT(2)

RLC(2)=tRS(RLC(2)+DELRY

{I1y/RP
T)7/RPR

ULC(R)svMU/RLC(2) %% 3

DI1)=RAT1)+B (1) * ILT()

DI3VsAL YR (3 )% J1.C(2)
AS(1) =AY (1Y #AXFAT (2) % AYHAL () RAZ

BSr1)=A1 (1) *BX+A1L(2) xRY+AL () *RZ
AT(IVEAVTTHERFARIZ Y wAY+AT(NFAZ

BS(3)eA3 (1) *#RX+AR(2) xRY+AT(3) %32

PO SARCIFRE (L) «ULT 2 70001 7
P(P)=AStI2)y+25(2)#ILT(P)

PR = UAT{AYHOS (I XULTIBY Y /N (3)Y 7~

ITERATIVI LBPP TRR DETERMIMING SCALAR 8F THE RANGC VICTSR
DR 95“72?7?5

DB 63 J=',73

XUety=m¢ Y =¥ (. 3y=X(U)

YL"(J)=P('\*YL(J)-Y(J)

ZLCIY=ETT N« 2L UV =Z (Y

RLECI) =OORT (NLCL ) *#x24Y| C( Uy 2% 2+ 7 C(J) *%2)

DLC( T =TALT Y AT/ 12 O RLE T ¥ %3 )= 1.0/ TAUTTY*DTAIN )
DLCIRY=(TAN(I)+TA NI Y (XM U/ {12+ 02RLE(P) %43 )=1,0/(TA (1) =
BLOTRY e mTAUTL Y (Y PUZ (120 0xRLTTI) 223V F1C/(TAU(ZV*DTATTY
XLCV(PYawnLC 1) *XLC(1)+RLC(PYxXLC(2)+NLC(3)#XLC(3)

VeV 2wt I TV R YL T {1V +RL AV X YLE (2 + 0L {RI*YLCT3Y
ZLEV(P)==DLCE1)*7LC () +0Lr () xZLC(2)+0LC(R)I%ZLC(3)
RLEV(2 = (XECV (2 »¥LC (7 +VLrV(°)*YLC(L)+ZLPV(2)*/LC(°)) RETAY
V({2)=5 P“T(XLFV(P)**?+YLFV(?)**?+ZLCV(P)**ﬁ)

TAT=R WA /RLE 2V -V (P YRR /XU

ULC(2) v /RLC(2 Y »*3

PLEI2YESLCI2 YV *RRUAVI2Y /RUCT 2y ¥%D

QLC(2) =V (P) *»¥2=RLC(2) % #2%ULC(R) ) /RLC(R) %2

DE 78 J=1.3,7
FO(J) el D=0eBaULCI2) xTAUCY) ##2+0,5%ULC(2) «PLC(2) *TAL (Jy %3+
Cl a0/ 2t e i (Re UL (B #OLC(2) =15 Cr LT (2 Y*PLCI2)y % ¥2+ULC{A Y ¥ 22 %
CTAUCU) #3441 eN/8e 0% {7+ 0%ULC(2)*PLC(2)#+3=3.0%ULC(2)»PLC(2)xqQLC(2) -
X PXPLT(AYY*TAU(J) *%5

FT(JIR1+0/72Ne0% (£37.0%ULC(PI*PLC(2) *x2*xQLC(2) =24 a0 * UL (2 %2 %
COLC(2) =l [T Y *#3=u43 DxULC(2)*BLC (2 ) #¥2=045.0%ULT{2)*PLE{( 2y » %54+
C210+0xULC(P) *%x2xPLC(2) %42 ) xTAU(J) #%h

TAU(3Y N

TF(NEFBUYHFT (D)

GE()=TAU(J) =1 e0/h»0%ULCUR) *TAUCU) #%3410/400%ULC(P) %P Cr2)x
CTAUCL) %5 b4160/12000% (0% ULT(2Y*GLE(2) =45, LO¥TLC (2 ¥PLC 2y v x7+
CULC(2)*##2) *xTAU(J) *%5

BT(U) e «0/360.0% (P10 0%ULC (2 xPLE 12V %%3=95°0+ULCT2) *PLC(3)
Cm15+0#UL C(R) *#2%PLC(2) )% TAU(J) *x6

G =GB +GT(D

DS=F (1)xG(3)=F(3)%G(1)

L ()

C(1)=6(3)/DS

)



C{2)=+=1.0
T(3e=BG(1)/DS

GX=C (1) %V 1)+C(2)*X{2)+C(3)*X(3)

GY=C(1 ) sV (1) +C{2) =Y (2) 4012y *xY(3)

GZeC1)*Z (1) +C(P2)*Z(2)+C(2)%7(3)

PIlI) e (! en/CIIY R {A1 T ¥OY+AL(2)»3Y+AL(3)%G2)

P2(1)e= (AR (1) *CX+A2(2)%xGY+AD(3)%G7)
PR(T)E(1+0/Ct3) % (A3(T1)*GX+AZ(PIxGY+AZ(R)GZ)

CTas=s1TIMF

PRINT 1nC.CTP

PRINT 173,P1(]I),7 /PP(T)JI Ps('I‘;_I e
FERVAT(IFHD SN L (1128 F16RSuxx12F10,//,4P2(1)2$E 16+ 3% x*12F 7

109
1EPR( 1V 1hePTxxxT1=%510P,//)
IF(AB°<F*(I>-P(1> =3.0000007001) 20,9393
90  TF(ABS(PA{ 1) =P(2))=0.0000327°701) 91,935,293
91  IF(ABS(r2(1)=P(3))=1.0000000001) 92,93493
97 GE TR S«
83 P{1)=P1t(1)
P(2)Y=P2t 1)
_ 95 P(3)=F311)
C
o SBLVE FNR INFRTIAL PaSITIAN AND VELCCITY VECTARS
C
96 XLC(2)=P(9)*YL(2>:§(?1
YLC(2)=P(2)*Y[ (2)=Y(2)
ZLC{R) =P (P %7 (RY=2(P) v
XLEV (P ==nLC (1) *vYLC (1) +nlC Ay *XUE (2 +DLCR) *XLC(3Y
YLCV(P)==DLClL)*YLC()Y+DLO(2)*YLC(2)+DLC(2) * YL, C(3)
ZLCV(2)==nLC( 1) *7 L C ) +BLC(PY*ZLC2Y+DLT( *»Z1LC(3)
CT3=1TI"F
PRIMT 190.CT3
PRINT 104, XLOV(2)YLov(2) 2L Cv¢2y
104 FERMAT(1HD s BXLCY(P) =3FE168¢8,//25YLCV(2)=4E16e8a//0 520 CV(2)Y=2F 1402,
1779
o
C
ol SBLUTIB. FOAR CLASSICAL FLEMFNTS

RLC(2)=SRRT(XLC(2) *##2+Y[ C(2) #*R+7| C(2)**2)
RRDBTeXL O (2)*XLCV(2)+YLC(2)*»YLCV () +ZLC(PYy#*ZLCV(2)
RLCV({2)=RRDBT/RLM(2) - ,
VEeSAQRT(XLCVI(R2) #*P+Y CV(2)##2+ZLCV(R) % *2)

ALC= (RLO (2% XMU) /(24 3% XMUaVE*%22xR| C(2))
CSUBE={1.0=RLC(2)/ALC)

SSUBE= (RLCV(P)*#RLC(2))/SORT(XMUxaLC)
ELC=SART(SSUBE**P+CSUBE#*2)
COSE=(ALC=RLC(2))/(ALC#ELC)

XSUBRWeA|C* (CRASE=FLC)

CHSVaXS IB../RLC(R)

SINV=SRRT(RLC(2) #*x2=XSyBU*xD) /RLC(2)
SINEeSQRT(100ELr**2)%SINV/ (104 CHSINY)
E=ATAN(SINE, CBSE)
TEaT(2)=((F=FLC*SINE) /(XK¥SART (XMiy) ) ) ¥SART(ALC*3)
HXeYLC(P ) xZLCV(2)=ZI_.C(R)*YL.CV(2}
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HYza (XLO(PI*ZLCV L) w7 LC(2Y XL OV (2))

HZ=XLCU2 )y s YLOV(2 Y=Y .O(PY*XLOCV(2)

VAMGE =2 AT (S TV, r0SY)

Sy =My

CASHY=mity

BMEGAZATA (S THMX, CAGHY)

EXPaSORT(FEX%x24 IVR%¥D)

BIMCLEATA (EVYP,172)

UNtP Az mXL CL{RP) ST B AA % CAS (TR ZLy+YLO(PYCAS(AMESAY XTSI T L) +
CZ2LCtPY*S1 (B1HCLY
DEMeXLC(2Y*CPAS(N"FGAY+YLC (23T (MFEGL)
UsATAN (0 LY PEM)

Watle VAN NF

CTa=1T1"F

PRINT 170,074

PRIV'T 1n7, ALCHFl CpTe,avEna,”rINCL W

FORAAT(I N, 1ALC=0 108, //,30 L0244 16e8,//27TL 250 154 //,
1BR LGPt F1F a2, //2791 (LeTE1neY,//7,¢020816,.80//)
FARYAT(+ 1 LTISFU=2T )

Cer TINLE

G TR ©¢

PIF
MIN ITINVE
REY *P 0808
[

9



APPENDIX H
LAPLACE PODM, ANGLES ONLY

1] = ke (t1 - t2)

T3 = ke (t3 - tz)

- 13
Sq = -
1 7 {1y 3
. - (r3 + 11)
2 - Tl‘r‘3
- T
1
Sq = —
3 13 (135 T
2
Sg = —
4 1 (11 - 73
2
S, =
5 173
Sg = —
6 15 {15 &3

80

Given apis S¢is tis #55 A Hi for i = 1, 2, 3 and the constants de/dt
f, dgs ¥» k, compute the following:

(216)

(217)

(218)

(219)

(220)

(221)

(222)

(223)

T AR



For i = 1, 2, 3, calculate:

in = CO0S Gti COS gy
Lyi = €O0S sti Sin agy
in = sin Sti

and determine

Ly =Sikg *+ Splp + S3lg

L, =S,L. +S.L, +S.L

=2 4=1 5-2 6=3

For i = 1, 2, 3, proceed as follows:

J.D. - 2415020
36525

Tu

Ggo

ag

Gy, =
V1 - (2f - £2) sin? gy

9976909833 + 3600027689 Tu + 0200038708 Tu

+ H.

81

1

2

(224)

(225)

(226)

(227)

(228)

(229)

(230)

(231)



. (1 - f)2 e
.= ===t H, (232)
2V Vi (or - ) sinf gy

Continue calculating with

8; = 0gg * 3—2 (t; - tg) + AEj (233)
X; = =Gy cos ¢; sin 6; (234)
Y; = - Gy cos ¢; sin 6, (235)
Z; = - Go; sin ¢, (236)

If the observations are not from a single station, that is, 91 # oo # o3 # 91
and Apq # App # Ap3 # Apps continue calculating with equation (237); if the

observations are from a single station, proceed to equation (239)..

Ry = S1Ry + SRy + S3R (237)
Ry = SqRy + SgRy + SRy (238)
Proceed to equation (241)
- Y,
1 de
Ro= | *2| kg (ﬁ) (239)
L 0

82



. 1 (d
Ro=1-Y2|\, 2 (HE
e

_X2
S

0

Numerically evaluate the following determinants:

—

. . 1
Lx2 Lx2 Lx2

L Ly2 L
LzZ LzZ LzZJ

y2 y2

-

r . - =

Lx2 Lx2 X2
Ly2 Y2
LLzz Lyp 25

Lx2 Lx2 X2
Ly2 Yo
LLZZ LzZ ZZ

L2 %, Lo
Yo Ly2
L2z 22 22 |

Lx2 X2 Lx2

Y, L

y2

k

L22 Z2 L22

83

(240)

(241)

(242)

(243)

(244)

(245)



and form:

Solve

r2

2 (L

(c,

=2

* R

Ry)

* *2
A, + A,

* *  *
u (CwBZ t 2R, By )

2
u Bz

*2

ar26 + br23 +c=0

84

(246)

(247)

(247)

(249)

(250)

(251)

(252)

(253)

(254)



to obtain the applicable real root r,, and continue calculating with

*
x MBy
Pn = A + 3 (255)
2" T,
2
. + ubp”
p2 = C2 + 3 (256)
r2
r, = ek, - R, (257)
rp = opky * opky - Ry (258)

Continue by calculating for classical elements.

85



ALPHA(1), DELTA(1),
T(1), PHI(1), H(1),
YAME(1) FOR 1=
1,2,3; DTHETA,
FLAT, AE, XMU, XK,
TJID, T(4)

ECHO
CHECK

ITIME = 0

LAPLACE FLOWCHART

86

YAME(1) #
YAME(2)




LAPLACE FLOWCHART (CONT'D)

REX (1), |

aBs [REX (-
c 10-10 B
Le]< XLEV(2),
YLCV(2),
ZLCV(2)

T

SOLUTION FOR
N CLASSICAL
DELR= ELEMENT

0.05 RLC(2) \44

ITIME, ALC,
ELC, TE,
OMEGA,
OINCL, W

BS [szu) _

FPR
DELR] <1010

81

4




O OO0

OO0

108

110

111

oy
(=
Y

NnwLv,m NooOn

LAPLACE PRELTMINARY ARBIT DUTERMINATIBN ™METHED
ANGLES BNLY (ESCEBAL,PAGE 267)

DIMENSIAN TAL(R),8(6)aXLIR), YL (3,20 (3 o XILVIR),YLV(3Y 2 ZLY(3) s
CXALRYAYA(RYpZA(3YaXV(3) 2 YV D)2 ZVI Vs XLA (32 YLA(R) 2 ZLALR) Y
COEMG(3Y 01 {3YaG2 I A THETA (32 X(3),Y(3)sZ(2)sR(3)2A5(3),B813)

DIMENSTIAY CSI3)+NS(2),REX(2F)»RLCIBIAFP(R)LPV() o XLOCLR) YL ()
erC(?)lVLfV(7):YLFV(?),7LFV(?);RLFV(3)1T(+)1ALPHA(?),DELTﬁ(\\:
CYAME(T),PLT(2),HI)

READ AMGLF I%PUT PATA

QFAD 102, TLAT AR MK, XMUsaDTAITA

READ 40°,T(4)aT( 1y T2y, TRy, TID

REATD 107, 'lP“A(;);ALPFA(P),'L?“A(?);DELTA(l),DELT;(g)
READ 107, °5L7 A(?’;YA T Y/ VEL2 ) S YAMF(2), PHI (1)

REAN 100, PITI2),PHT(2), 1) .22} ,H(3)

FPQ%AT(ﬁgiﬁ.Q)

CCuWe CH 4

PRINT 147 L TaAF s X XM ™ T TA T(4)a T, T(L) T2 T<3
FRm AT AN TP LATEAE 1 A« R6¥ 54724 E1 4 RE¥x {20 E16487 ¥4 {7 =
ENTHETA=r T 438 T (L )=l 1t FuxT JN=5E154R,//2

AT =T A R kT (P )34 A2t 2T (3)28E1A27)

PLINT 419, "LPHACT Y s ALPHA(P)Y L ALPHA(R) DL TA (1) s 2FLTACD) DT T (),
CYASF (1) YAYE(R) s YAMI(3)

CoMAT (A AL, SALP A1) =9 E 162 ¥ ALPMA(2) =016 8 xx AL () =71 4n Ry
V7P AREL TN 1) 214 R uxaDTLTA(R) =R 16354 %xDILTA(3) = (BT eRs//,
TEYAE (12" 1A a8%4aY 4 T (2)as 15ehtarYAVF (332301403

OIT T A, DT s THT ) AP DY A H Y A MDY (D)

FEo AT (10N 7 24T (1125714227 xPHT (2) 2015 R xPHI () =T 68y /o
PR )T TG . Rk (D)2 TIPS X (3)2BE1A3)

)
e W/

Y

AEATN OO TATIONG

ALL METAL.GVR3L 1§ 1TIME §NRTUTINE

TTIE=Q

Lo SRR

STA 17oH

i SRR

SE 17395

e 72N

Dz ANIIDTSND)

17

TA Y = (T(L)Y=T(2))
TA!(g)z\zx(T(g)-T(J\)
S{)e=TA N Z(TA LY (TA Y =TAJ(3)))
SUPYe={TA N 4TA LIV /(TAUL 1Y #TAL(3))
TR =TV HIN/(TA By (TAU(Y=TAU(1) )

88



aNeXe]

27

L)
31
3

37

39

45

SUL)=2eN/{TA (1Y ¥ (TA (1) =TA ()
SUS)=2e M/ CTAN(LYYTA J(R))

S(AY=2a /1 TA N3N« {TA U3)=TA (1))}

NP 1217

L LIYsCoSEDE TACT) Y R AaG (AR AT
YIATY=CTSUMELTAL T = ST ( AL 1A (D)
ZLTy=8Sr D FLTACT Y)Y
YLV(?)=T(1)*YL(1)+:( Y XL (29453 yxXL ()
YIV(PY= (1) x YL (1) +9 (’)*YL(°)+‘(3)*YL(R)

ZLv(PpYy=™ l’)*7L(’)+1(")*ZL(°)+ (3y=Z2L.(3)

XEA(2Y s34 YL (1) +3 () %X (2 )1+G(A) XL (3)

YEA(P) =S a i x YL LU +S 05 # YL (2)+5(6)yxYL(3)

ZUAPy =) w ZL (3 +B (0T ) %70 (2545 (6 )% Z1L (3D
TiUs{TID=24137207)1/5452R«0
GTHITAZ (346709 333+34000e 765 0% TULGeNO0RRT BaTlLwx?) /370077 X431
3 27 124,72

DHES 1(Y)-ni\T(ioﬁ-(?.ﬂ*FLAT-FLAT**Q)*(SthHHI(1)))A*9)
TSI = AT /OEMA T 40T
STy s (1 AT AT =220 AR/ DG T 4 T)
T“CTA(T\=”*WFTA+”*H”T*;(T('\-T(q))+YA““(I)
X(T)==0G1 [ » 008D 1Ty yxCoReTHANTA (L))
YT )z B T 73S ™I LT ) xSTHITHETA( D))
ZUTyz=0  TYRCIN (0T (1))

DETERNMTOC TF ABRSTOVATIALS AE FRas SINGLE STATLH

TEAPHT (1) «7HT(2)) 37,179,372
TF(PHTI(P) =T (3)) 37,30,37
TECYAMD (1) =Y AN (D)) 12,731,737
TE(YAME (D) =Y AYE(3)) 12,39,7°

XV(2)=sSe1)y*X (L) +T (2 xX(P)+2(3) *X(3)

Yo (PY=S ey ay () +TUP2 Y (2 +3(3)*Y (3)

TVRYsB 32«2 ( 1Y+ 2)«7( PV +5{R) %2 (3)

XA(Z2)=S (Y L] )+ (D)X (PY+T () %X ()

YR Y eSO Y L) +T DY NY(P)+T (A *Y (3)

ZA(2Y=SO Y« Z{1)+S(D1 2 (2)+3(A)Y*2(3)

G TR 45

XNV ) e (V(2)2DTHETA) /UK

YV(2Ys (WIPYxNTHIETA) /UK

INV(2y=0a.n

XA(PYam (M (2)RDT AT TAR KD ) /¥Kwx D

VA(RYs=(YIP)*DTHF TA% D) /XK x %2

Z/\(?)=O.r\

NEL=Pe 00 IXL(P)#YLVIDPY#ZLA(2Y+XLV (D) Y[ APy v ZL(2)+SLL 002 yx70 ()%
CYLAR2) =70 (2 YLV (P *XNLA{P) 7LV {2 wYLACP Y # XL {2) = ZLA {2 v XLV Ty a YL (7))
DASXLAPY«YLVIZ2Y* 7 A (P XY (2 ) xYA (2 )y #ZL(P)+XA(2)x L (D) wYL {7y =LL (D)=
CYLVIR)Y®EA(D?) =YL IOV VP %7 (2 mX (ZYRYA(D) X ZLV(?)

DbaXL (PY*Y' V{2)*#Z(2Y+XLVIPY s Y (2 2L {2V X2 )« 2LV (S x YL (2) =/ ()%
CYLVIR)®Y (2= ZL V(D) *Y (P XL (D) =Z {21 #XLVI2)YxYL (D)

DCaNML(2)%YA(P)*Z A(PY+XA(2Y v YLA( D)y 2L (2) 4+ LA(Dy 275 (D)oL 7y =70 (7Y >
CYALDY#X' AP} = ZA(P)#YL_A(R2)*N (2)=ZLA(2)*XA{2)*YL(?)

NDaXL (PY*Y(2)*ZL A2 4P v YL AR % ZLA{2)+XLA(2) #7 (D)%YL {P)= "0 "0 ¥
CY(P)*XLA(E)-Z(?)*YL«(r)*xl(“)'ZLA(?)*Xi“)*YL(P)
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AS(2)= (P12 A) /7L

BGE2)={",%0RY) /D7

CE5(2)=D"/00

NS{2)y=N"srL

CHT==P e ") (L AR) AP Y YL (D) ¢ (PI+ZL(2) %7 (D))
REOY=SDTT (D)% 474 Y (D)% x2 477 ) %%2)

ALC=m (CHTx AS(2)+ A5 (2) % #2407 ) x %2

BLCe=XM e {OHT XTIV 4030 AG MY xRE (D))
ClO=m¥M e e D8RG 2) w*D

QLC(?):“ -

—_ -

TTERATINE LATP F72 ATTER™IVT7S APPLICATLE REAL 77T SF =Lo (o)

Oo0n

59 NH A9 T=1,75
REXCTY=T L 72 %3+ AL T« PLOI )y % 3+CLr*RLC(2Y %3+ C
CTr=1TT 0.
PRT T 1), 7T
RETIT 1773, REX(TYLRLO(2Y]
1073 FoR AT e s5TEX (") =T 160 v v w23 C(P) =270 ] LeRFagsxa [=0 )

ITIE=D

THARS(F
61 TFAamE (it
63 TFrl=1y) o7,
64 PR (ROVT)=TEX(TA1y ) /DL

TREARSETI LT /RP2-0D0L Ty w00 "0 0200001 ) 70045465
65 NELR=zaRr vy Ty /RE

[ NI S
67 DELR=De"Tx L7 (2)
69 L2 = 2SRy #D0 [ 1)

I mRENIT=1) )= 230020 01) 71,7061
TYymD a0 inmANDIN Y 70, 70863

C STLLVE Fom INERTIAL 2281710 AmDY yplLACITY “pECTERG
C
70 PUDYSAS DY+ (YMUXTT (P /RLC (2 v x3)

PV YyaC e (XS TSy Rty %3y

XLO(PY=s"rm e Y| (DY =X (™)

VLC(2)=7 a2 =Y ()

L0 ey x 7L (PY ()

KLO(2y=2D (2 %X (040 (2) %YL (D) =XV (D)

YO/ Pyl 2y aYi ) 4D (DY *Y (D) =YV (D)

ZLOYP Y= (2 %2 ™Y 4D (P ¥ 7 (D) w2y (P)

CT2=1TIF

PETUT 171072

PRETUT 120, XLCV(™y o YLOV 2y . 2LCV (D)
104 FURMAT (4 3wl 0 () 2F1hes, / /0 FYLOV(2) =801 6080 //5 3707V Py oty

cC SAITIA CER CLASSIAL rleveNTS

ITT F=0

RUC(P)I =0T vl 2y x 24 YLD (P ) xxP k7L C(2) %42

REDATax Cem )y w XL 2+ YL o) s YL Cy 2+ 2L (2 )y % 7L Cy (2
RLCV(PY=PRTRT/RLC (D)

HESTIRT(N LT (P )% %0+ YL 0y (2)a x4+ ZLCye2) %27

ALC=(RLTID) e v™MU) Z {24 0% Uevx 22 %RLC(2))
CeINE s =R C(Py/ALTY
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THXEYLC 2y % ZLOV(P) = ZLCI2) #YLOV(2)
HZaXLOUD) = YLOV(2Y =YL (2 *X_OV(2)
VAISESATA (5 INV. Sy
SIMHX=HY
TAS iYs«'IY
FUCAASATAN (S TN, 2354Y)
EXPasSIRT( AX % D4ty x#2)
AICL=ATA(EXP, T
TRz e DY R BTN IMESAY R CAS (APINCLYHYLC2) # COS(2 LAY TR T L)
C7LO(2)Y %0 1 (ITNCLY
MEMEXLE(AYRCAS(INTEAY +YLC (DY #STIN(AMEGA)
JEATAN( L7, DEM)
de VAN AT
CT3I=ITIF
PRIAT 127773
PORTYT 177, ALCsFL maTr,8MF 5A,.ATNCL, W
107 FARMAT (10 A=t 1meQ, /7 v LCet3016eR, /7 /»TE%E1A 5% /7
TONCGAE FL 0 sl e D] LTl 0/ F 820V AR/ /)
10¢ Fe aTe ' ri[LTSE =" 15
74 ComTIrLr
7 TR 7%

§208n PP

8 M PrTee
S Rro ®0R0S
75 SN
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DOUBLE R-ITERATION PODM, ANGLES ONLY

APPENDIX I

Given agys 6> ti» ¢4» Agjs Hy» for i =1, 2, 3, and the constants de/dt ,!
f, ag, n, and ke, proceed as follows:

'3

Tu

840

For i = 1, 2, 3, compute:

Kq (t; - t5)

ke (t3 - t2)

J.D. - 2415020

36525

9976909833 + 3600097689 Tu + 0700038708 Tu

cos (5t.i sin Ctq

sin 8t

92

2

(259)

(260)

(261)

(262)

(263)

(264)

(265)

(266)



(1 - )2 ag

G,. = —F + H. (267)
21 i

‘\/1 - (2f - £2) sin® 4,

- ds.
8 = 8go + dt (ty - to) + Ag (268)
X3 = - G1i COS ¢4 COS 6 (269)
Y; = - Gy; cos ¢; sin o, (270)

'_ !

Cyi = 245 * Ry i=1,2,3 (272)

As a first approximation, set
ry = rig o ro = ng (273)
For near-Earth orbits, set

rig = fog = 1.1 e.r. (274)
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and compute Pj from

1 2 2 2

Continue calculating with

ri = oiki - Ry i=1,2 (276)
Compute ﬂ_as

Hy = ylzil;zyzzl (277)

&y = fo%I;Eflfé (278)

W, = flz%;;gngl (279)

Continue calculating with

_R3'W_
3T (280)
_3 —_
r3 = pgks - Ry (281)
= (282)
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r.r J

cos (v; - v ) =
h] k 3"

If wz > 0 , calculate

XkYj = XYk 2
= - 1 - cos {(vi - v,)
|Xk‘yj nykl J K

sin (\)j - \)k)

If WZ < 0, calculate

; oo XKY§ T X5¥k - 2 (y, -
sin (vj vk) Xkyj - ijk 1 - cos (vj vk)

If v3 - vy > m , determine p from

i EZ_Sin (v3 - vz)
“° rylsin (v3

]
<
bt
~

(rz\sin (v2 - vl)
;;7sin (v3

1
<
[
~~

Ciry + c3rz - ro
p= C1+C3-1

95

(283)

(284)

(285)

(286)

(287)

(288)



If v - vy <7, determine p from

¥

=I5

rl)sin (v3 - vl)
rofsin (vg - v,

1 sin (\)2 - \)1)
S.in (\)3 - \)2;

rp tc3r3 - ciryp

1+C3-C1

Continue calculating with

and for

or, if v

Evaluate

\Y

2

2

e Cos vy =

r. 1,
i

- Vg # m , obtain

AY

cos (vo - vy )(e cos vy) + (e cos vp)

e sin vy = - N
2 sin (v, - v;)
157> obtain
: cos (v3 - vp)(e cos vp) -(e cos v3)
e sin v, = sin oz - v

e =W/ze cos vz)z + (e sin v

2)
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(289)

(290)

(291)

(292)

(293)

(294)

(295a)




For orbit determination
with

n:
S =

e
Ce =

sin (E3 - E2)
cos (E3 - EZ) =
sin (Ep - E7) =
cos (E2 - El) =
M3 - Mp =

2

in this paper, e~ < 1 , therefore continue calculating

H_
ke a3
r
Bg'Vl - e2 e sin vy

r 2
Bg-(e + ezcos vz)

'3

r.
=_v'_a—p" sin (\)3 - \)2) - p—d- []. - COoS (\)3 - \)2)] Se

rggz [1 - cos (v3 - vz)]

Y‘l r

1
i7§3'sin (vp - v1) + 5—'[1 - cos (vp - vl)] Se

r§;1 [1 - cos (v, - vl)]

1 -

. 2 (53 - Ep ¢ sin (Ex - E,)
E3 - E2 + ZSe sin” |—5 | - Cg sin 3 - Ep
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(295b)

(296)

(297)

(298)

(299)

(300)

(301)

(302)

(303)



(5559
M, - M, = - (E2 - El) + ZSe sin —5 | + Ce sin (E2 - El) (304)
M, - M
1 2
F]. = Ty - ke (——n—) (305)
My, - M
3 2
Fp = 13 - ke (—n—) (306)
Save Fy, Fp, ry; increment ry by ar; (about 4 percent), and return to equation
(275). The end result of this calculation will be Fy (rp + ary, r2) , F
(r‘1 + Arq, ‘”2) , S0 that
3F1 F]. (Y‘l + AY‘l,Y‘z) - Fl (Y‘l,Y‘z)
- L (307)
oF Fo (r1 + Arq,ro) - Fo (rq,r
gr_zzz(l 123 2 (r1,rp) (308)
1 1
Save ':)Fl/ar'1 . 3F2/ar1 ; set r back to the original value; increment ro by
Ary (about 4 percent); and return to equation (275). The end result of this
calculation will be Fq (rl, ry + Arz) , Fo (rl, ro + Arz) , 50 that
BFl F]. (Y']_,Y'z + AY‘z) - F]. (Y‘l,rz)
2 . (309)
BY‘Z AY‘2
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aF o

Fo (rl,rz + Ar2)

- Fo (r1,rp)

3r2

Continue calculating

Ar, =

AY‘Z =
Check to see if

|Ar1|

A

A

Jar,|

where ¢ is a tolerance, i.e. 1

(rydneg =

(r2)per =

ATZ

with

=) (=) (=] (=

( BFz) (8F1
—=|F, -
3r2 1 8r2

a_.Fl)F (ﬂ
3r1 2 arl

D‘D
(=)

010,
(ry)y + arg

(rp)y + arp

E
Je

If the test is not satisfied,

99

let

(310)

(311)

(312)

(313)

(314)

(315)

(316a)

(316b)

(317a)

(317b)



and return to equation (275); if it is satisfied, continue calculating with

f =

)

1 - %E'[l - cos (Eg - Ep) ] (318)
a3

r fr

-3 3 -2 (320)

Continue by calculating for the classical elements.

100




N

DOUBLE R-ITERATION FLOWCHART

G

ALPHA(1), DELTA
(1, T(1), PHI(T),
YAME(1), H(1), FOR
1=1,2,3; DTHETA,
FLAT, AE, XMU, XK,
TJD, T(4)

ECHO
CHECK

ITIME = O

PAGE 102

PAGE 102
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DOUBLE R-ITERATION FLOWCHART (CONT'D)

DELR (1),
DELR (2),
1

ABS E)ELR (1)}
< 10-10

ABS [DELR (2)]

<0 -10

>

PAGE 103 PAGE 103
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DOUBLE R-ITERATION FLOWCHART (CONT'D)

PAGE 101

XLCV (2),
YLCV (2),

%\J

SOLUTION FOR
CLASSICAL
ELEMENTS

T

ITIME, ALC,
ELC, TE,
OMEGA,
OINCL, W

©
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gl ao0n

ann

108

110

111

mnwvuw aOMNMMNOO e
—
[x}]

[ORORTI N ]
g N
[© Ne]
QO Ul

-

DAURLF=R JTERATIAN PREL IMINARY 2RRIT DETERMINATIBN METwAD
NGLES 8NLY (ESCOBRAL,PAGE 293)

D8 119 N=1.25

DIVENSTIAY TAU(3);XL(1>;YL(3>JZL(3):u1(3)»¢2(3),X(3).V(q),Z(Q),
CTHETA(3Y)DTHMA(3) 2 RLEL(2B) 4RLC2(PEYSRLC(3,23) s CHI(3)YsT(3)sP(3)
CXLCUR)aYLOUR) 2 2L 03 s C(R)F (3,3, 0EL{3s3),PDEL(3)+DELR(3)
CXLCY(R),YLOVI3), ZLCV () RLEY(3),RLB(3)

DIVFANSTAN Tia) ) ALPHAC YL DELTA(R) , YAME(3),PHI(3),H(3)

INPUT NATE

RFE A AMGLF

READ 108, FLAT, AL XKML DTHETA

READ 102, T(4)»T{1)aT(2)»T(3),TI2

REAT 10P, 0L FF ALT)IsALPHAMR),ZLPHA(uy, DELTA(L)»DELTA(P)

REA™ 109, FLTA(ZY Y/ VE(I) 2 Y MELP YL YAMELR)LPHT (1)

READ 100,01 (2),PHI?) 2 (1) P (2) 2 (3)

FERMAT(ER14.9)

FCm® (RECL

PRINT 117, FLATS AT, XLe XV s “TVFTA.T(4):TJF;T(1)'T(Z)JT(E)

FGQVAT(1“?:}FLAT;¢_.E.2 #xAT=EF L RERaNK2yE16.8F%xX" =17 /S
180T (CTA=3C1 432 xxT (1 Tl4e°txxT =250 16e8,//:

TET(1)=01 “.ﬂwxxr<ﬂ)-*rl«-Qw**T(a>-$f15-Q)

PRYIT 11«;»L“4A(1>,xL“"(ﬁ),AID AL DELTACIY A DELTACD)Y W TFLTA ()
CYAST 1) o YATE(2) s YAMT (3)

Froe \*(‘””r“LP'ﬁ(l)-‘F16.‘ AL UA(ZYEFF 1 6aRTxXALPHS ()2 " LR,
V//250 L TA(T ) =816 5ex M LTA(P)Y=1i 14682 x%DELTA(I) =201 735/ 7/,
TEYA T (1) s 10« RExxY VT (D)2 1A« 55 w2 YAVME ()= RE 15 9)

PRIVIT 142,P5T(1) o PHTID) PRI (RY » 1) e (201 (3)

FORMAT (41, 4 PHT (1) 2 P14 R a PUT (7 28E 1820 xxPHT(3) =71 A0, sy

T {1 ) =0r 16, 3 xx-4{ D) " 17 e2%ax! ($1=21F16e¢F)
REAT: ol TATTION G

ALL MPTaeSYhEEL TR ITINE aptReuT F

IT1 =0

Lo posf

STA Bl

RE: onne

REV 2ralS

ger e Ysia e

PET = 07 PnP070

£IR

TAS1 ) =r<x (1) =T (2

TE(RY=Vy s (T(3)=T(2))

TL(TUlP =Py 13020, ) /3600740

GTHITAZ (320400 0NR4TA7 07w 74%0% T 4 o 2Q03E 7 BxT _4xP) /" 7e 77 7775130
De 17 I=1,7

XL(I)=C"S(NELTACTIY )k SLA REA(TY)
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(aXala]

YLETY=O T tPELTACTY I G (AL A1)

2Ly =S I (RELTA(CT))

DE~“F(I)=C BT (LeNw(2e 4L ATAFLATX 2y 2 (SIN(PRI(T) ) x™)
Gl(ly=27/7 "””(1)4'(T)

GPUTYz( (1 anePLATY k220 ) /03T )4 (T)
TEETA(TY 23T R TA+ THETAx (T(T)»T U4y +YAYELT)
X{1)ze M (I CESIEST (Y CRa(THET A ¢ ]))

Y (I =Pt (D)% 02T (T ) ST (T T (1))

2() == () xCIn(™=101))

CRI(IY==2a ik (XL (TY*X (T YL (DY xY Ty +ZL () %2 (T))
R(I)=E572" T(X(I)**“+Y(])u¥9+7(l)*%‘)

RLC1(41)=1.0

er?( Y=t el

TTEPeTIOY FOP PpTeR D ING THE QUL AR OF Tl INeRTTAL FrermIn

DE =f T=1,73

DE A7 =12

TF(del) P3,207,00
RLC(1+1)y="LCY(T)
RLC(2 1Y =RLCP(D)

G5 T 24

TF (=) D&, 06,79

CINaI G WS IEL TGN I O I I RO
RLC(Z2Py=LC7 (1)

ne TR 21

IF(J=7) 22,277
RLCUL2y=7{C1 (D)
RLO(Pa2Yy =L CT (T e

e = :
0P PE ¥=1,7

LH l‘

Ple)ta"aTx (=03 T(«V+S" AL Ty Rega i (R (Y x Dbl T O ke ) )

XLO(v)y=T o)y x>t =Xy )
YLC(V)=”(<}mVL(V‘-Yf¥>
ZLCEGwysT (4Y*70( Y700 )
NN R B ANG AR E AN AR D AN S I I G S O G OS2 T 6N A= N I
REYs (YL TPy« 7L 00" Y= LC(M )« 20 Oy 7(RLCUT 2 )+ FLE(24 500
WE 7Yl CUAYSVLO(DY = LC™) a1y y ZURLCO L, ) s SL (P )

PURYs (Y ()%, FXx+¥ () w Ty4Z ()2, B7y 2 0¥%L (R % ENHYL(3)* Y47 03y 70

XLCUR) =0 (Y eXL (2veX (M)

YLO(3Y =0 (2« YL (R)=Y (™)

ZLCU2 s (Y71 (2 =217
RUCLA)=CORTUINLOL ) %204y Q) *¥2+ 7 C(3)*x7)

CVTYEa (X[ CURYRXL C (1Y + YLy« YLC (1) +2LCU2)» 2L Ce)) /(v Tty x
CRLC(O,U))

CVTUM T2 (YL CUR) %X CUoy+yYL O3y * YL o) +Z|L CU3) 2L (2 /70 Lo(=y
CRLC(?2,J0))

CVTHrMea (XL C(RI*YL COAY4+YLO(RI*YLO () +ZL N« ZL 01y /70 L7 1o ) s
CRLE(R)Y))

SVTHe (Y ClIYRYL (2 e x| (Y xYLO U1 ) ) ZARSIXLCII ) YLO(P ) =2l T
CYLC{M)I*EDRTLABS {1 e =CVTMrExP))
SV*W“T=(XLF(?)%VLF(\)->%C(?)*\LC(?))/AHS(ELC(?)*YLF(“)-*LV(~)¥
CYLO(P) I #EORTUANT (14l «CVTH " Tx D))

SYTHF Gzt XL C(II*YL S =2 L0332 YLO () ZABS(yLO(1y e YLC O 3wl T ) %
CYLC(1))I*aRTTARS (1o NV THI ne 7))
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TF(F7er 4 20000007 00) 46,50,50
46 SVTYVE=envTT
SVT-F TeaGVTHN T
SUTH Pz CyThNE
50 AVTHEf =2 TAN (VTR OuTen 7y
51 TF(AVTE Y PmBe 14150765 04) BR, TR, 52
52 COY=FL (R, ) /071, DBV " T/8v T M8
C(RY=FLM(PrJ)/PLTU3y xOVTME fSVTHY
PLOE( OOy *SL 0, DH0UR)#RL SR = L7 (20N Z(C1+0(3) =100 )
GE TF Ef
55 CUeY el B /L2, D xSVTHD /8T MT
CURY=PLO 1N /RLTU 3 x OVTVE f QYT .
PLOS(UL O (a0 +0( [ (M) =l 1 (20 ) /012040 (2) =000 30
58 ELCVFRFeP L C/FL 01, )= "
ELCYT=PL C/5L0(Ps Y=t
FLCYTH=R | L/T G(Ed el er
AVTHE pmpr (VT ,OVTI Ty
62 IF(AVTNPaR 1L1E0OPADT ) £, 65,63
63 FLOVTe (VT Psl | A Tar Loy savTs s
64 GF TE fe
65 FLGYT= (FvTr Tl L7 Tap o Ty g 00T e
66 ELC=S PT(FLOVT*xD4El OVTx*2)
ALC=FL O/ 1,7 =01 Cxx2)
CTAzY Y™ " ITLAPT(Y YU/ AL X3y 0
SOt TL Ry DN/ ST Tra S aE L Cunp )y xfLuyT
CSIPI=tm TP ) /PO (ML Cxa DLV
SETH T2 (FLS(2) /S RT(ACS(ALEPLEY )y #SYTHY T (SLG(2) /FLO)
Cllan=CVTENT)sgaiTE
CET=NTed a0 (RS 7 LC(7a )/ (ALCY
SETYE=("1 Cl1a0) /707 ?*(»"s(aLf*PLc;
Clled=CVTYR) 2 OG5 0%1
CETH 2 Dm ( (FLCUP, Y %P0, )/ (AL CAPLOY Y % (1 0=CVTIE) )
ETH T ATAN(SE TR T, COTE VT
ETVYIzATAV(RETVe,rET
ATH TaF Tt T4 {2 e 2SS R w (SIH(ETH T /240) ) %22 ) » C;J;F*er\vT
APVTzal 70420 )30 UBTR (SIN(ETVR/2, ) ) #2240 5URE 30T
Fl1sJ)sTAS(L)Y=X<x (ARYT /0Ty
82 F 2aJ)=T2 {3V =X (ATWMT/ETAY
DEL(1-1)=(F(1s2)=C (1, 1))/ (RLC(L,2y=2LCl1a}
DELUP/1)=(F(252)=F (2, 1)) /(FLCITs7)=3LC L]
Iy
1

CIy* (1. 0-CuTHEYT)
SYTHELARLO (1 /R0

DEL(];?)-(C(l:?)-F(ltl))/( C(2s3y=RLCO(2

DEL(P:PY=(F(Pa3)=F (2 ;1))/(”’C(_;—)-“L”(co
PARE L =0 L (1,10 %00 1L (7,2 )y =DM (P 1) «"EL(122)

POEL(1 Y2l L(Pa2)xl(1.3)=D00 L (12)%F (223)

PDEL(?)=“EL(1,1)~F(?,?)v?EL(?:1)xF(1:2)

DELR(1Y==P7EL (3) /PATFL

DELR(2)==PTEL (2)/PATEY

))
))
1)
))

PRIMNT 37“,CT1
PRI"T 1na, DELP(IY2T,0FLR (2,1
106 Fﬁ“”ﬁ7(1“ﬂ!$"LLQf1)=rF16-F$*****I=$IE@//:%DELR(2):9F1&.*?v**a*1=
1¢12)
ITIVF=C
97 IF(AR( LB (1)Y= 000009 1) ©3,03,95
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93
94
95

96

(aNple]

87

107

c

100

TF(ARS(DELR(2))=0.0000000001)

Ge 18 97

RLCL(T+1)=ABS(RLCI(T)+CELR( 1))
RLC2(I+1)=ABS(RLCP(T)+DFLR(P))

CONTINUF

A4, 94,95

SOLVE FPR TMNERTIAL VFLECTTY VECTHL

RLCF=FLCA2(])

FLC21e0=(ALC/RLCF)* (1 e0=CRSETHYTY)

GLCaTALZ)=SORT( ALy x3/XMU) #(ETH TaSETHMT,
XLCV(P)e [ XLC(3)wFLCax¥YLC(R)Y)) /CLE
YLOV(2)Y=(YLC(3)=FLCxYLC(R)y) /CLC
ZLCV(2)={Z1L.CU3)Y=FLCx71.C(2Yy/CLC

CTp=171"¢
PRIMIT 100,CT2

PEIMT 177, XLCV(YaYLOVIR)Y » ZLCV ()
FORMAT (I HD & YL OV R )= tF 1A e R, / /0t CV(PY=REl 16 Ru /072 00t 7Y24F 1807

ITI =0

SOLGTIM FAR CLARSICAL
RLSI2) =D T(XLC(PI ¥ %24 YL T (2 %%247: C(2)%xD)
RROAT=2YL C(P) X7 (2Y+Y L C U2y YL OV ()Y 2L U2y % 210 (R)

RLOC/(2)=0R30T/R.5(2)

FlLpmenT

~
2>

VaSIRTINLCV(DP) % x24+Y_CuV (2 ) xx 2471 Cu(2)%*x2)
AlLC=2 (RS2 )Y* XYY /{2200 Hay s aDx
LR =(1.0«RLS(2)Y/AL0)
SEIIT(TLCV(P) xR S Y/ TRRT (XML xay C)
Elr=c T (S5 REx 2P+ (T Rrw %Dy
COSE= (AL M=t LS(2))/(rLCxTLLY

SUBEr Cx(CRSC-FLE)
CogVeram, /R 5(2)

SI Vel T(ELS(P) ¥ xRaye, ™

ey

den )V /RLTP)

SINE=00NT (1ol =FLrx*2)a BT W/ (0471 CxSINY)

E=ATp (707, 00er)

TE=T(PYm ((F=FLCHRTN Yy /(Y ¥ as 0T
WXeYL P w7 L0 (PY =2 (oY xYL TN

HY=ze (ML TP 700V LR) =7 CU2 )% OV

HZ =N oy Cu ()Y ooy xx] CV (P

VANGE s A TAY (G100, RS
ST ety

CEQ iyaab'y

Ao =ATA (5] 1,70
FAO=OORT (Vx4 Y%k )
ATCL =ATA (EXP, 7))

D EAXL O () 3T (YA sy Teg el

CZLOD)Y*T T30t

)y

|
L

YY) SORT(ALCH%3)

¥)

JHEYLO(2)Y)y « C3(aMFe

DE A=) C(PyaC3 S (I FGay YL C(o 3y *ST (MM Ga)

UsATAN (N 7 NE)

K2 e VAN,

CT2=1TIVE

ORINT 1rn, 007
FERvAT(er 1L TorCat]n)
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PRINT 109, ALC,ELC,TE,OMEGA,RINCL,
10° FERMAT (1 HR23ALT=23E14e8,//,4FLC= §E1608 //,3TEs @515 £2/0 s

1$EMEGAEF 16084 //0 S0 INCL=ST16820//,%W2gF16.8,/7)
119  CENTINUE

GE TR 120
T2050 PZE
) M 1TIiME
S BRU +»205%558
120 EtD
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APPENDIX J
MODIFIED LAPLACIAN PODM, MIXED DATA

Given the mixed data o, apy, tj, 8¢ for i =1, 2, 3. along with ¢4,
Agis Hi and the constants, g ke’ u, f, do/dt , proceed as follows:

- 13
Sq = = (323)
1 T AT 3
(13 + 11)
S - - U (324)
2 7173
-1
Sg = — T (325)
3 3 1
J.D. - 2415020
Tu = 36525 (326)
egO = 9996909833 + 3600097689 Tu + 0200038708 Tu2 (327)

For i = 1, 2, 3, compute

de
8i = 8g0 * gt (ti - to) + Ay (328)
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(1-°f

i\vll - (2f

[}
-
nN
el
7]
—
3
N
-

= COS 843 sin Qg

= sin &;

Continue calculating with

P2

= S107 * Spep + S303

Sk * Spka * Sals

= - G12 Ccos ¢2 cos 62

= - G12 cos ¢, sin 8y

= - 622 sin ¢2
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(329)

(330)

(331)

(332)

(333)

(334)

(335)

(336)

(337)

(338)




. 1 de
Ro =%, | *2|at (339)
0
- X )
R, = =5 |- v, | {9 340
Bo=vz |" T2 & (340)
e 0
A=op, - (L, * Ry) (341)
B=-u (L, +Ry) (342)
C=L, - L, (343)
D=-wu (344)
C, = -2 (L, - Ry) (345)
As a first approximation, set r, = rps, where rpe is an assumed value of
ro, i.e., 1.1 e.r., and initiate the following iterative scheme:
N _B_ '
r‘23
+ _3
2

111



2 2 2
Fra) = ep  *+ 00, + Ry - 1y (347)

(205 + C,) (Do, - B)
F(ry) =‘—3—) 2~ P2 - 2r (348)

D 2
cC+| 73
re

r24

and obtain a better value of ros that is,
F [(rz)n]
(Y‘z)n_l_l = (Y‘z)n - F#[ Y‘2 n] ’ n = 1, 2,..., g (349)

If the improved value of r2 does not vary, that is,

I(rz)n+1 - (Y‘z)n' < € (350)

where ¢ is a specified tolerance, 1.e.,10'10, proceed to equation (351); if not,

return to equation (346) and using the latest value of r,, repeat equational
loop (347) to (349).

Continue calculating with

L (351)

_2—R

L2 = P2 22

rp = pplp +0pky - Ry (352)

Continue by calculating for classical elements.
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MODIFIED LAPLACIAN FLOWCHART

/ ABs [RLC2
PV(1), ALPHA

(1), DELTA (1) (-1 - Rchuﬂ
PHI (1), YAME(D),

H(1), FOR 1= <10-10
1,23, AE, XK,
XMU, FLAT
DTHETA, TJD

XLCV (2),
YLCVY (2),
ZLCY (2)

SOLUTION FOR
CLASSICAL
ELEMENTS

ITIME, ALC,
ELC, TE
OMEGA
OINCL, W
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109

110

wnwww OO0 n0O0n

93]
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N
[
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wn

1]

MESTFIE™ LtPLACT S BRppIM T 0y 20n]T DPTEGMINATIO e T
RANGE Povr 20D 2 ilbys (TS AL FAGE Pav)

MNe 40 Nws DO
LA S z

TIRONST T TAL(R) 0 .Xl(“\'v'(z),Zl(‘FfD‘(i pRLE2Y YL N 0
F2VVERY 00 2 XL YY), 203 (3, xV(3) - (3);/1(“‘ 3 IR R
FYA(R),ZA(?),”LCU{”ﬁ).” Y. 'y¢<3),\LF(“),Z CUR)$ ML) Ty

M(

FZLEYER) OO TR, 6P (), T B3 AT T3
N TrEL ST A v(h);«aﬁw-zn>,“iLf'(? SYAE (), P HICRY 03Py

RVEATY WA AT RATC AT D o oAtao T DT DATH

Q!"'A",' :'h, YL AT, A 'x{,‘('\/’.;‘;‘,l,"\T T A

RUATD 407, Ty T4 Tedy T3y TUD

READY N7, A TALT Y s ALTIRA LDy, L PHA () WLLTAL L)Y s D7 L
READ 10iy“rLTA(3\-VA“F(j),\'“F{’),Yﬁ“r(3).PHI(i)
READ 1AR, 2012y, D L), ) 2 (P) o +4(3)

READ 120,211,V 2. Py ()

FAQIATLIOI 1 GaN)

FoR AT 64 ?)

T

TR MO

DRTT 1?H‘FL\T’AF,<:;XVJlMT FTA;Ti4)ITJTJT(J)!T(ﬂ)’T(Q)
FrIMATE s LMLAT=0E 4o 89 T =t E 1 4, B ¥ x K= L 1A nl w2000 L L //

PERTUFTA= 1514088 % v T(aysstla. TxxT  02%E14843,//s
T BTl )=t 16,3 xT{2) a2t 142t T (3YsFE16 )

PRYUT 401, ALPHAL T P ALPRHALCDY (ALPHA(3) b PELT 2 (1)L TACT) 70T (7).

TYAMTLLYL YA D (2) . YAME ()

FRR AT 1y, AP AL = E 14842 " »k ALDHA(2 )2 17 168 b LA (2)2 1.3,

1//+SRELTA 1) 26515 R wxDFLTA(2) 20016087 (u2ELTA() = F1racs /s,

TEYA I (1)=2" 108 %Y A V(P)—E‘1n-%¢«*YA“"(?)=$Elés
PRI T 142, PuT (1) »PHT(2) 2201 (2 o (1) () 5 2(3) 0V
FAR AT (Y £TRT (£ )= 1T 4R x s T T (2) 2BET A aR LxxPH] (

1 1)=¢;16.g4**i(f)=“"16~’ﬁ**'(3)=%F1“"'//'

1$Dy(1):tf‘é.ﬂﬁ**m/(3\-,”1 r%*DJ(?)'tF16;8)

AFGIN CTITATION S

ALL MET e3Vyv2a 15 1T7IME 510 RIUTINE

ITUF=2

LA »A5e )
STA il '
R ERANO RS

QR B3NS

F i 120N2%

PYT = 0°2)223)

FIR

TA(1)=Y % (T(1)=T(2))
TAI3)=XZ*(T(3)=T(2)) .
S{)s=TA N /(TA VLY (TAY(1Y=TAJ(3)))
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RLFZ (1=
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F«LCG=P1“)
FPRI.CP=17.

Cm(Pa0aRIT2

RLCP(T+1)=
CTri=Tri ¢
PRINT 1rn,

BRTNT T1n3. TR

FERQMAT (14D
TT1E=D

TF(ABS(™.C?

CRAT NS

CEMDPUTE

XLE(2Yy=P (>
YLC(2)=D( 2
AN SR A

CLTACIY Y g ALe (T
SELTACTY Y R INCALD A(T)

“LTALTY)

(1eNe (2o FL AT LATxwp )% (ST (PHT (1)) ) <27
NSRRI D!

FLAW‘**P*fr)/rE T{Tyemt D)

TIET AR N HF Awt T Ty =Tlayy+ YAV (T
”QQ(PHI’T))lr”“’7“ETA(I))
*f%a(nlrfr))¥>7 PTEETACTY)
TYXSIN(ET Ty

NI EY (T e eDa 7 (1) %%

,«PV(1)+ﬁ(9)*PV(?)+°(3)*PV(3)

YRV YRSy XY+ 53y R XL (R
‘*VL(‘)4S(’)*V'()‘+"<3)*Yl(3)
Y7Ly +S Tyl P 453y 2L (3
Ve THT T*/‘

D THETA /XK

YR OTHIT T A% a2 /XK x
AN OTHE T e x™ /X k"D

PRy 204 YL A2y 4L () 2 74 2))
(2 \*Y(“$+V!(P)&Y(>)+ZL(?)*7(“))
+VL“(°)*»’+21”(“)w*°

YIA2Y X (2 +YL(PY = ()21 (P) 7 (PY)

"-\
FAP RAYAE vrcTRe reR CesTRAL DATE

T

/RLC2( IV ) ) /7 C+ (T /RLCR (1) » 3 )
x*ﬂ+P(ﬁa*rn{+D(p)¢x2-QLQ9(I)»n?

P/OLCE T a by (Pe ¥ (24 CHTY (NP (2Y - <Y /(D
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rT1
RLCA(TYs T )
FEPLC2(T ) = F1 AR a2 g812)

(T+1)=2LC2 (1)) =n.0000000001) 42,42,41

IWERTIAL OB31TIAN A D VELACITY VECTARS

YaY {2V =X(2)
YRYL (P Y=Y (D)
YRZL{2Y<Z ()
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107 FOuAT(" Ve SALCEL 1A%, /7,8 LC=3016aR,/ /s tTE=1015,84//,
RO GAR T AW C s /)R] TR e Ry /8= T 1A/ /)
100 COQAAT(: T L TEE D= "3
59 grosrrepr
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SP0S PJE

1

3y
!

S [ r"rI’-E
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APPENDIX K
R-ITERATION PODM, MIXED DATA

Given the mixed data Pis Ggj» Bgjs ty, TOr i=1, 2, 3, along with b3s
Agi» Hi and the constants > ke, u, f, do/dt, proceed as follows:

T3 = ke (t3 - tz) (354)

s 3 (355)
1 o (Tl - 13)

3+

Sp = - ( T, ) (356)

s S (357)
3 T3 (T3 - Tl)
J.D. - 2415020

Tu = ~36525 (358)

0y, = 9976909833 + 3600027689 Tu + 0°00038708 Tu? (359)

For i =1, 2, 3, compute

Lyj = €OS 8p4 COS ayy (360)
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yi

zi

G24

COS 843 sin Ogq

sin 6ti
de
%0 * dt (85 - o) * g
a
e o, Hi
Vi1 - (2f - £2) sin? o,
1-f)2a
V ( 2 : 7
1 - (2f - £7) sin” ¢;
- Gli COS ¢; COS B
- Gli COS ¢ sin F
= - G21 sin ¢4
- Y.
1 de
— X. —_—
ke dt
0
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(363)

(364)

(365)

(366)

(367)

(368)

(369)



As a first approximation, set ro=r
and obtain

For near-Earth orbits, set r, = 1.1

g- 9

1
- L 2 2 2412
Py = 2%- Cw + [Cw - 4(R2 - )] (371)
Compute the radius vector at the central date from
rg = szz - B_z (372)
Obtain the numerical derivative
Continue calculating with
=pl +plL -R 374
D27 P2 TP T (374)
25
r, = — (375)
2
A\/[r_ - 376
27V (376)
Utilize the derivatives of the f and g series to compute
fi = f(v2 sy s Ty s ri) s i=1,3 (377)

119



é-i=é(V25r23':‘2sT-i)a 1=133

Continue calculating with:

m
|
—%
[
[{=]
[S%]
.
(LY
.
rL)I—
]
.
w
Q.
=
Jul—
|L>I—

™
I
—~—
~h
—
[t
ﬁ?
rL):U
|
-+
w
Q
[y
J»r—
k?

_ 9
D=-g
Py A+ 518 + p2C + p3D

If

[(Dg)n+1 - (pg)nl < €
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(378)

(379)

(380)

(381)

(382)

(383)

(384)

(385)



where £ is a specified to1erance,i.e.,10-10, proceed to equation (386); if not,
return to equation (372) with the latest value of pp obtained from equation (384)

and repeat equational Toop (372) to (385).

Continue calculating with

rz = o2ks - Ry . (388)
(387)

L .
o = Poky ¥ Pokp - Ry

Continue by calculating for classical elements.
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R-ITERATION FLOWCHART

P2 (14+1), 1

r/,ﬁpvux ALPHA (1)

DELTA (1), T (h
PHI (1), LAME (1)
H (1) FOR I= 1,2,
3. AE, XK, XMU,
FLAT, DTHETA,

TJD
ABS [(P2 01+ 1)
P2.()] < 10-10
ECHO
CHECK
ITIME=-0

XLCV (2),
YLCV (2),
ZLCV (2)

T

SOLUTION FOR
CLASSICAL
ELEMENTS

ITIME, ALC,
ELC, TE,
OMEGA,
OINCL, W
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S200

R=ITERATTIA PRELUIHI ARy BeatY DETERVINATION METHOD
RANMGE RATE AMD ANGLES (FSCRBAL,PAGE 302)
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APPENDIX L
TRILATERATION PODM, MIXED DATA

Given the mixed data Pjs 65, tj, j=1,2,..., q, for a set of observing
stations with coordinates 9is Apis Hi' i=1, 2, 3, and constants g f,
de/dt, proceed as follows. Reduce the range and range-rate data to a common

simultaneous time such that Pjo 6i, i=1, 2, 3, are available for an
arbitrary modified time ty and compute

J.D. - 2415020

Tu 36525

2

egO 9996909833 + 3600097689 Tu + 0200038708 Tu

For i = 1, 2, 3, compute

ag
Gy = ‘ ——* Hj
V1 - (2f - £2) sin? ¢,

.. - (1-f)2 ag . h
TN e - ) sinf oy
8; = 690 + G (85 - tg) + gy
Xi = - G147 €OS ¢4 COS B
Y; = - Gy cos ¢; sin 6y
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(388)

(389)

(390)

(391)

(392)

(393)

(394)



t21

1[ 2 2 2 2
72 -e1 - (Rg - Ry )]

2 2 2 2
-93 = pl = (R3 - Rl )]

N

(Z3 - 1) (Vp = ¥p) - (Zp - 7)Yz - ¥p)

(X5 - Xl)(Y3 i,YL)QL‘XB ﬁ_fl)(YZ - Yl)

81

t31 (Yp - ¥p) -5y (Y3-Yq)
A

1

(Y3 - Y)(Zp = 7y) - (Vo - V1)(Z3 - 7y)

(X2 - X)(Z3 - 71) - (X3 - X1)(Z3 - 1)

by

z31 (Zp - 73) - g1 (z3 - 77)
by
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(395)

(396)

(397)

(398)

(399)

(400)

(401)

(402)

(403)

(404)



A2 +c2 41 (405)

1
€, = 2(AB + CD + x1 + CY1 + AZl) (406)
2 2 -2 2
e3 =B +D + 2DYy + 2BZ; + R} - p1 (407)
\/ 2
82 i 82 - 4€1€3
Xns: = - 408
0j - , (408)
1
Zgy = AXOj + B (410)
rlap .y (411)
0j -0j  -0j
Reject the rOj that does not satisfy
2 2 2
Py = Trpj *2rgj * Ryt Ry (412)

and continue calculating for i = 1, 2, 3, with

- Yi

. 1 de

Ry =% | X |a¢ (413)
Z
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25 = Lo * & (414)
B = e 04 - Ry - oy (415)
Invert the matrix
°x1 Py1 Pz1
Mo = | Px2 Py2 P22 (416)
Px3 Py3 P23
and obtain
X 3]
y _ -1
Yo | = [Ms] Es (417)
2y E3

Continue by calculating for classical elements.
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TRILATERATION FLOWCHART

ABS [RLDR(I)-
PRLCR (1)
>10-53

P(1), PV(1), T(1),
PHI(1), YAME(1),
H(1), FOR1=1,2,3,
AE, FLAT, DTHETA,
TJD, XMU, XK, T(4)

ECHO
CHECK

ITIME =0

XLCV (2),
YLCV (2),
ZLCVY (2)

SOLUTION FOR
CLASSICAL
ELEMENTS

RLDR (J),
PRLCR (J),
J

PAGE 132
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TRILATERATION FLOWCHART (CONT'D)

ITIME, ALC,
ELC, TE,
OMEGA,
OINCL, W
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Appendix M
Herrick-Gibbs PODM, Mixed Data

Given the mixed data P4 Oggs Opis for some t; with i =1, 2, 3
along with station data 955 Apis Hi gﬁd the constants I Ke’ u, T
proceed as follows:

do.
H4 dt’

_JD - 2415020
Tu = ==g575—

= 99°.6909833 + 36000°.7689 Tu + 0°.00038708 Tu?

D
o
|

For i =1, 2 , 3 compute

LX'i = Cos 6t-i Cos Ot i
Lyi = Cos 84 Sin agg
LZ‘i = Sin Oy
ae
= +
Gy H

1 - (2f - £2) sin® o,

2
Goj = — * Hy

1 - (2 - £%) sin® o,
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(418)

(419)

(420)

(421)

(422)

(423)

(424)



- Gli Cos ¢i Cos ei

- Gli Cos ¢i Sin 91

- G21 Sin ¢i

(425)

(426)

(427)

(428)

(429)

From the observation times, one may compute the respective modified times,

that is

with

J

W

K. (t, -

e *7J ti)

1, 2, 3and i = 2

123

T

T12 13

T12
T3 13

G’l - G,3
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(430)

(431)

(432)

(433)



with T (434)

Continue by computing

Hy = (435)
Hoy = it (436)
H’o = H"y - H"3 (437)
and form the coefficients
d1=G'1+;;-for1=1,2,3 (438)
3
fp=-dyryg tdyry, +dyrs (439)

Continue by calculating for the classical elements,
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HERRICK-GIBBS FLOWCHART

P(1), H(1), PHI(1)
YAME(1), DELTA(1)
ALPHA(1), T(1), FOR
1=1,2,3. AE, FLAT,

DTHETA, TJD, XMU,
XLCV(2)

XK, T(4)
YLCV(2)
ZLCV(2)

SOLUTION FOR
CLASSICAL
ELEMENTS

1 TIME, ALC
=0 ELC, TE,
! TIME o
OINCL, W

Q
o
'S

]
s
w
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APPENDIX N
0SO-ITI ORBITAL PARAMETERS
Epoch 67Y 10M 27D OOH OOM

Parameter

Value

Semimajor Axis
Eccentricity

Inclination

Mean Anomaly
Argument of Perigee
RA of Ascending Node
Anomalistic Period
Height of Perigee
Height of Apogee
Velocity at Perigee
Velocity at Apogee

Geocentric Latitude of Perigee

006931.15 km or 004306.81 mi
0.00216

032.863°

351.947°

226.399°

187.347°

0095.70901 min

000537.76 km or 000334.15 mi
000567.76 km or 000352.79 mi
027360 km/hr or 017001 mi/hr
027242 km/hr or 016928 mi/hr
-23.138°
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APPENDIX O
RELAY-II ORBITAL PARAMETERS
Epoch 67Y 10M 11D 20H OOM

Parameter

Value

Semimajor Axis
Eccentricity
Inclination

Mean Anomaly
Argument of Perigee
RA of Ascending Node
Anomalistic Period
Height of Perigee
Height of Apogee
Velocity at Perigee

Velocity at Apogee

Geocentric Latitude of Perigee

011129.48 km or 006915.5 mi
0.24115°

046.323°

291.027°

248.553°

161.988°

0194.74113 min

002067.24 km or 001284.52 mi
007434.94 km or 004619.85 mi
027554 km/hr or 017121 mi/hr
016847 km/hr or 010468 mi/hr
-42.311°
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APPENDIX P
STATION COORDINATES

Latitude (¢) Longitude (xE) Height (H)

Station Degrees Radians Degrees Radians Meters e.r. (10'7)
Fort Myers 26° 32°53.78 | 0.46335476 278° 08-04.60 4.8543647 9 14.110639
Newfoundland 47° 44-28.94 | 0.83324413 307° 16746.71 5.3630414 112 175.59907
Quito 00° 37-20.55 | 0.01086249 281° 25°15.62 4.9117231 3,578 5609.7632
Lima -11° 46-34.86 | -0.20553608 282° 50°59.14 4.9366596 516 809.00999
Santiago -33° 08°56.23 | -0.57855837 289° 19752.88 5.0497847 681 1067.7050
Winkfield 51° 26°45.43 | 0.89790126 359° 18713.57 6.2710337 87 136.40285
Johannesburg | -25° 53700.98 | -0.45175414 27° 42°28.49 0.48359432 1,565 2453.6834
Madagascar -19° 00°25.21 | -0.33173478 47° 18°00.46 0.82554296 1,361 2133.8422
Orroral -35° 37737.51 | -0.62180996 148° 57°10.71 2.5997184 947 1484.7528




APPENDIX Q
RANGE, RANGE RATE, AND ANGULAR DATA COMPUTATIONAL ALGORITHM AND
COMPUTER PROGRAM LISTING

Given r (x, y, z) and r (X, y, z) at a time t with constants ¢, H, Ag,
de/dt, kg, u, tg, ag, f, proceed as follows:

T J.D. - 2415020
u = 36525

= 9996909833 + 3600097689 Tu + 0700038708 Tu2

(s>
|

ds
o = 6g t It (t - tg) - (27 - ap)

aa
Vi1- (2F - £2) sin ¢

+ H

(1- )2 ag
V1 - (26 - £2) sin? o

+ H

X = -Gy cos ¢ cos 6
Y = - Gl cos ¢ sin ©

Z = -Gy sin ¢

147
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(443)

(444)

(445)

(446)

(447)



V= Rx | o | (448)
Z=0.0 (449)
p=r+R (450)
o=Vo o (451)
. _oe
p = o (453)
V2. 2
rp = X *Yy (454)
r= Vx2 4 y2 + 22 (455)
r
cos § = ;E (456)
sin ¢ = % (457)
X
cos o = (458)
p
sin o = % (459)
p
148
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APPENDIX R
SOLUTION FOR CLASSICAL ELEMENTS

. Giyen ry (fl’ ¥y Zl) or r, (x5, Y95 z,) and the ve]ocity_fg1 (Xl’ y1» 27)
or r, (x2, Yy 22), proceed as follows:

1= Vry, - ¥ (460)
T X% Y T AR (461)
rp-r
s (462)
1
Vo=V él" il (463)
Semimajor axis, a,
Y‘l H
a =
2u - VPr; (464)
!
Ce =1-3~ (465)
riri
Se T mm (466)
Eccentricity, e,
2 2
e = \[Se * 0 (467)
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cos E = — (468)
e
Xy = @ (cos E - e) (469)
X
W
cos v = 2} (470)
V r12 - xw2
sin v = ———— (471)
r
1
sSin v
51”E—V1'e(1+ecosv) (472)
Time of perifocal passage, T
(E - e sin E)
T=1t - e 473)
1 ke pa3 (
hy = ¥171 - 213 (474)
hy = = (X927 - 21%;) (475)
h, = x¥1 - ¥1%q (476)
Longitude of ascending node,
hy
tan @ = _-h; (477)
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Orbit inclination, i
Vih2+h2
. S A

tan 1 = hz (478)

tan U = —————————— oo
X, cos Q+ ¥y sin @ (479)

Augument of perigee, w
wW=Uu-v (480)

152




Symbol Information

Shape Definition Inside Symbol
Start/stop
ctatement Start or stop
Card
input Input 1items
statement

- Printer

output OQutput items
statement
Assignment One or more
statement statements
DO Repetition
statement parameters

APPENDIX S

FLOWCHART SYMBOL DEFINITIONS

Example

|

(/XLC(U,YLC(”,
ZLc (n

¢

ED, 1

l

DELYV =
0.05 VLC (1)

True and false
conditions

Decision or
IF statements

153

N

DO 31
1=1,25




Symbol
Shape

o <4 <=

Definition

Unconditional
transfer or GO
TO statement

0ff-page
connector
label

On-page
connector
label
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Information

Inside Symbol

Numerical
statement

Alphabetical
letter

Alphabetical
letter

Example
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APPENDIX T
ASSUMED VALUES OF GEOPHYSICAL CONSTANTS

Assumed FORTRAN
Constant Symbol Value Name
Flatness coefficient f .33528919 X 10—2 FLAT
Canonical unit of length CUL .63781660 X 107 meters -
Earth radius e.r .10000000 X 10 CUL AE
3
-1te.r 2
Gravitational constant of ke .74366728 X 10 = XK
min.
Earth
Sum of masses u .100000000 X 10 XMU
. de -2 {radians
Rotation of Earth It .43752691 X 10 <i—ﬁ;ﬁ;ji) DTHETA
Julian Date J.D. 7
0SO-III EPOCH .24397835 X 10 TJD
RELAY-II EPOCH .24398075 X 107 TJD
CuT .13446874 X 102 min. -

Canonical unit of time
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INERTIAL VELOCITY VECTORS (CUL/CUT)

X 001
O

-0.6718

-0.6716

-0.6714

~0.6712

-0.6710

-0.6708

¥ oot
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0.4520

0.4518

. . - . I N “w »~ 5 e u e e
=] TR
zoo g B !
-0.5204 =
A= ==
7‘}{7)}‘_ = ==
-0.5202 1
-0.5200 {3 Y DOT NOMINAL FROM REFERENCE ORBIT
S
X DOT NOWINAL FROM REFERENCE ORBIT
QL DOT _NOMINAL FROM REFERENCE ORBIT
-0.5198 gL TERT
-0.5196 =
PROGRAM FAILS B
IS POINT ==
: 10
-0.5194 = ==5
ZZ 0
(DEGREES) 1 1000

TRUE ANOMALY ANGULAR DIFFERENCE OF ¥y + ¥ i.e., vp = v;

Figure 2. Results of Lambert-Euler PODM for 0SO-III Orbit
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INERTIAL VELOCITY VECTORS (CUL/CUT)

\><
2
=1

-0.6712

-0.6710

-0.6708

-0.6706

-0.6704

-0.6702

¥ ot

-0.01880

-0.01875

-0.01870

-0.01865

-0.01860

-0.01885

0.5810 =
0.5808 g
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ITERATION LIMIT (===
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INAL FROM REFERENCE ORBITY 10
e S
0.5800 i i 5
0
{DEGREES) 1 10 100 1000

TRUE ANOMALY ANGULAR DIFFERENCE OF ¥ + Fp f.e., vp = vy

Figure 3. Results of Lambert-Euler PODM for Relay-II Orbit
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INERTIAL VELOCITY VECTORS (CUL/CUT)
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= I
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Figure 4. Results of F and G Series PODM for 0SO-III Orbit
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INERTIAL VELOCITY VECTORS (CUL/CUT)
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Figure 5. Results of F and G Series PODM for Relay-II Orbit
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INERTIAL VELOCITY VECTORS (CUL/CUT)
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0.4524 -0.5200
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Figure 8. Results of Gaussian PODM for 0SO-III Orbit
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Table 1.

0S0-III Position and Velocity Orbit Data*

Epoch 67Y 10M 20D OOH OOM 0O0S

Change in
Position Vector Time Resultant Velocity Vector True Anomaly|

(Canonical Units of Length) from (Canonical Unit of Length Per Cancnical Unit of Time) from Data

Data Epoch Point 1

Point X Y z (Minutes) X DOT Y DOT 7 DoT (Degrees)
1 0.63397379 EOO 0.87714911 EOO -0,57285980 E-01 0.42900000 EO3 -0.67128213 E00 0.45237915 EOO -0.51983933 E00 0
2 0.58274812 E00 0.90885977 E0O -0.95773336 E-01 0.43000000 EO3 -0.70685743 E00 0.40013314 E00 -0.51534094 E0O 3.8
3 0.47289180 ECO 0.96034300 EO0O -0.17136390 E00 0.43200000 €03 -0.76862972 E00 0.29068616 EQO -0.49963709 E0O 11.4
4 0.29327509 EOO 0.10061443 EO1 -0.27881096 EOO 0.43500000 E03 -0.83592404 EQO 0.11781151 EOO -0.45992297 E0O 22.8
5 -0.92932753 E-01  0.97992039 EQO -0.45733638 EQO 0.44100000 EO3 -0.87135390 EO0  -0.23408489 EO0 -0.32909258 E00 45.6
6 -0.46473516 EQO 0.80288180 EO0 -0.56523331 E0O 0.44700000 EO3 -0.77289578 EO0 | -0.54884506 EOO -0.14805021 EOO 68.4
7 -0,76519048 EQO 0.50282255 EOC 0.58621929 EO0O 0.45300000 EO3 -0.55646495 E00 | -0.77864062 ECO 0.55149247 E-01 91.2
8 -0.94868622 E00 0.12595263 E00 -0.51737727 EQO 0.45900000 EO03 -0.25549497 E00 | -0.88905191 EQO 0.24948641 E00 114.0
9 ‘-0.98742402 EQ0 | -0.27017428 E£Q0 -0.36935944 EQO 0.46500000 E03 0.84194416 E-01 | -0.86372645 EQO 0.40548748 E0O 136.8
10 -0.62955513 E00 | -0.88498102 E00 0.65285980 E-01 0.47700000 EO3 0.67560492 EO0 | -0.44112696 EOC 0.51698187 E00 180.0
11 0.76766608 E00 | -0.49528024 EQO 0.58396071 EOO 0.50100000 EO3 0.55145966 EO0Q 0.78482607 ECO -0.62454770 E-01 270.0
12 0.61361294 EOO 0.89000851 E00 -0.77740021 E-01 0.52500000 EO3 -0.68743522 EO0 0.42989298 EOO -0,51773733 EQO 360.0

*From reference 3.
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Table 2. Relay-II Position and Velocity Orbit Data*
Epoch 67Y 11M 13D O0OH OOM 00S

Position Vector Time Resultant Velocity Vector Tgnzngﬁo;\:'ly

(Canonical Units of Length) from {Canonical Unit of Length Per Canonical Unit of Time) from Data

Data Epoch Point 1

Point X Y z (Minutes ) X DOT Y DOT Z DOT (Degrees)
1 -0.62706086 EQO 0.13026303 EO1 -0.26788816 E0O 0.66500000 EO3 -0.67069755 E00 | -0.18565986 E-01 0.58071281 E0O 0
2 -0.67640560 EQO 0.13001240 EO1 -0.22446287 E00 0.66600000 E03 -0.65562172 EO0 | -0.48674037 E-01 0.58641873 EQO 2.5
3 -0.72456249 E00 0.12954130 EO1 -0.18069118 E00 i 0.66700000 EO3 -0.63983417 €00 | -0.77927626 £-01 0.59099381 EOC 5.0
4 -0.81727365 EO00 0.12796195 EO1 -0.92290918 £-01 “ 0.66900000 EO3 -0.60637538 EQ0 | -0.13383906 EQO 0.53694559 E00 10.0
5 -0.98699837 EQO | 0.12244558 £01 0.85668977 E-01 0.67300000 EO3 -0.53391142 E00 | -0.23461233 E0O 0.59733711 EOO 21.0
6 -0.12588173 EO1 0.10352957 EO1 0.43259412 E00 ‘ 0.68100000 EO03 -0.37896284 EQ0 ' -0.39161701 EO0 ' 0.56220952 EOQ . 40.0
7 -0.14383867 EO1 0.76921052 €00 0.74843089 £00 | 0.68900000 ED3 -0.22604802 £00  -0.49460573 EQO 0.49560149 EOD 60.0
8 -0.15150151 EO1 0.53705523 EOO 0.95602583 E0O 0.69500000 EO3 -0.11873926 EO0  -0.54226741 E0O 0.43373466 EQO 72.0
9 -0.15435262 EO1 0.33061169 E00 0.11069735 EO1 0.70000000 EO3 -0.35627838 E-01 -0.56593395 EOO 0.37767977 E0O 85.0
10 -0.15282029 EO1 -0.11262742 E-01 0.13038324 EO1 0.70800000 EO8 0.84472657 E-01 -0.57869376 EOO 0.28350944 EQ0 105.0
11 0.89934644 E-01 -0.17919032 £01 0.10225903 EOL 0.76800000 EO3 0.49784070 EO0  -0.75270923 E-01  -0.37661014 EOO 237.0
12 0.10671941 EO1  -0.13527369 EO1 -0.76826469 E-01 0.79900000 E03 0.27460969 E£00 0.48148531 EOO -0.52859756 E00 290.0
13 -0.64038080 EOO 0.13030522 EO1 -0.15192970 E00 0.86000000 EO3 -0.66588429 E00  -0.27532078 E-01 0.58314165 EQO 360.0

From reference 3.




Table 3. Results of Lambert-tuler PODM for 0SO-III Orbit

691

True Anomaly Computed Computed Computed Iterations
Angular Difference X Dot Y Dot Z Dot Required to
of ry > rp Reference Orbit X Dot Reference Orbit Y Dot Reference Orbit Z Dot Obtain an
j.e., vo =V is -0.67128213 EO is 0.45237915 EO is -0.51983933 EO Epsilon gs) of
(Degrees) (CUL/CUT) (cuL/cuT) (CuL/cuT) <10-10
3.8 -0.67081054 EO 0.45235122 EO ~0.51959007 EO 7
11.4 ~-0.67103078 EO 0.45243688 EO -0.51971812 EO 7
22.8 -0.67130422 EO 0.45244467 EO -0.51981342 EO 7
45.6 ~0.67165405 EO 0.45226798 EO -0.51976476 EO 8
68.4 -0.67164899 EO 0.45215526 EO -0.51947102 EQ 7
91.2 -0.67080666 EO 0.47883872 EO -0.52650669 EO 8
114.0 -0.67166326 EO 0.45243605 EO -0.51859662 EO 7
136.8 -0.67198271 EO 0.45278865 EO -0.51775009 EO 7
180.0 Computer halted after second jteration.
270.0 0.65513605 EO -0.39298239 EO 0.48590209 EO I=25%
360.0 Computer halted after six iterations.
l

* Did not converge.
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Table 4.

Results of Lambert-Euler PODM for Relay-II Orbit

True Anomaly
Angular Difference
of r1 > rp
i.e., vp - V1
(Degrees)

Computed
X Dot
Reference Orbit X Dot
is -0.67069755 EOQ
(CuL/CUT)

Computed
Y Dot
Reference Orbit Y Dot
is -0.18565986 E-01
(cuL/cuT)

Computed
Z Dot
Reference Orbit Z Dot
is 0.58071281 EO
(cuL/cuT)

Iterations
Required to
Obtain an
Epsilon &e) of
<10-10

2.5
5.0
10.0
21.0
40.0
60.0
72.0
85.0
105.00
237.0
290.0
360.0

-0.67100717 EO
-0.67073406 EO
~0.67072314 EO
-0.67063993 EO
-0.67060216 EO
-0.67058860 EO
-0.67057670 EO
-0.67057675 EO
-0.67058715 EO

-0.18597544 E-01
-0.18589597 E-01
-0.18613539 E-01
-0.18632342 E-01
-0.18680951 E-01
-0.18723884 E-01
-0.18726358 E-01
~0.18730622 E-01
-0.18733006 E-01

Computer halted after two iterations.

Computer halted after two iterations.

!
Computer halted after fifteen iterations.

0.58100110 EO
0.58076722 EO
0.58077790 EO
0.58072454 EO
0.58071562 EC
0.58070555 EO
0.58066965 EO
0.58064458 EO
0.58060167 EO

15

9
15
10

14
14
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Table 5.

Results of F and G Series PODM for 0SO-III Orbit

True Anomaly Computed Computed Computed Iterations
Angular_Difference X Dot Y Dot Z Dot Required to
of ry > r Reference Qrbit X Dot | Reference Orbit Y Dot Reference Orbit Z Dot Obtain an
i.e., Vg =V -0.67128213 EO is 0.45237915 EQ is -0.51983933 EO Epsilon SE) of
(Degreés ) (CUL/CUT) (cuL/cut) (cuL/cut) <10-10
3.8 -0.67081054 EO 0.45235122 EO -0.51959007 EQ 3
11.4 -0.67103078 EO 0.45243689 EO ~0.51971812 EO 4
22.8 -0.67130428 EO 0.45244469 EO -0.51981347 EO 5
45.6 -0.67165853 EO 0.45226850 EO -0.51976718 EO 10
68.4 0.45123877 EO -0.51913683 EO 0.33426901 EO 1=25*
91.2 0.23846019 E1 0.70582817 EO -0.23591702 E1 I=25%
114.0 Computer halted after six iterations.
1
136.8 Computer halted after three iterations.
|
180.0 Computer halted after one iteration.
|
270.0 Computer halted after one iteration.
I
360.0 Computer halted after two iterations.
1

*Did not converge.
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Table 6.

‘Results of F and G Series PODM for Relay-II Orbit

True Anomaly
Angular Qifference
of r1 > r2
i.e., Vo -V
(Degrees)

Computed
X Dot
Reference Orbit X Dot
is -0.67069755 EQ
(CUL/CUT)

Computed

Y Dot
Reference Orbit Y Dot
is -0.18565986 E-01

(cuL/cuT)

Computed
Z Dot
Reference Orbit Z Dot
is 0.58071281 EQ
(cuL/cuT)

Iterations
Required to
Obtain an
Epsilon &E) of
<10-10

2.5
5.0
10.0
21.0
40.0
60.0
72.0
85.0
105.0
237.0
290.0
360.0

-0.67100717 EO
-0.67073406 EO
~0.67072313 EO
-0.67063956 EO
-0.67058782 EO
-0.67050862 EO
-0.67043325 EO
-0.19824139 E-01
-0.24107564 E-01

-0.18597544 E-01
-0.18589597 E-01
-0.18613540 E-01
-0.18632358 E-01
-0.18673756 E-01
-0.18611443 E-01
-0.18305457 E-01
0.57848394 EO

0.57356778 EO

Computer halted after four iterations.

Computer halted after one iteration.

Computer halted after one iteration.
1

0.58100110 EO
0.58076722 EO
0.58077789 EO
0.58072423 EO
0.58069903 EO
0.58056860 EQ
0.58028936 EO
0.53834986 EO
0.43500250 EO

3
3
4

13

17
1=25*
I=25%

* Did not converge.




Table 7. Results of Iteration of Semiparameter PODM for 0SO-III Orbit

gLl

True Anomaly Computed Computed Computed Iterations
Angular Difference X Dot Y Dot Z Dot Required to
of r1 » r2 Reference Orbit X Dot Reference Orbit Y Dot , Reference Orbit Z Dot Obtain an
j.e., v2 - v] is -0.67128213 EO is 0.45237915 EO is -0.51983933 EO Epsilon (e) of
(Degrees ) (CuL/cuT) (cuL/cuT) (cuL/cut) <10-10
3.8 -0.67081054 EO 0.45235122 EQ -0.51959007 EO 14
11.4 ! -0.67103078 EO 0.45243688 EO -0.51971812 EO 20
22.8 -0.67130422 EO 0.45244466 EO -0.51981342 EO 10
45.6 -0.67165405 EO 0.45226799 EO -0.51976476 EO 16
68.4 -0.67164899 EO 0.45215526 EO -0.51947102 EO 7
91.2 -0.67080666 EO 0.47883870 EO 0.52650669 EQ 8
114.0 -0.67166326 EO 0.45243607 EO -0.51859662 EO 9
136.8 -0.67198271 EO 0.45278865 EO -0.51775009 EO 8
180.0 Computer halted after one iteration.
I
270.0 Computer halted after two iterations.
I
360.0 Computer halted after two iterations.
L




bLl

Table 8.

Results of Iteration of Semiparameter PODM for Relay-II Orbit

True Anomaly
Angular Difference
of r1 ~rp
j.e., Vo - v]
(Degrees)

Computed
X Dot
Reference Orbit X Dot
is -0.67069755 EO
(CuL/CUT)

Computed
Y Dot
Reference Orbit Y Dot
is -0.18565986 E-01
{CUL/CUT)

Computed
Z Dot
Reference Orbit Z Dot
is 0.58071281 EO
(CuL/cuT)

Iterations
Required to
Obtain an
Epsilon (e) of
<10-10

2.5
5.0
10.0
21.0
40.0
60.0
72.0
85.0
105.0
237.0
290.0
360.0

-0.67100717 EO

-0.67073406 EQ |
-0.67072314 EO |
-0.67063993 EO
-0.67060216 EO
-0.67058860 EO
-0.67057669 EO
-0.67057675 EO
-0.67058717 EO

-0.18597543 E-01
~0.18589597 E-01
-0.18613537 E-01
-0.18632343 E-01
-0.18680947 E-01
-0.18723889 E-01
-0.18726365 E-01
~0.18730629 E-01
-0.18732987 E-01

Computer halted after five iterations.

Computer halted after two iterations.

Computer halted after two iterations.

0.58100110 EO
0.58076722 EO
0.58077790 EO
0.58072454 EO
0.58071562 EO
0.58070555 EO
0.58066965 EO
0.58064458 EO
0.58060167 EO

15

11
11

10
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Computer halted during
i

Table 9. Results of Gaussian PODM for 0SO-IIT Orbit
[ True Anomaly Computed Computed Computed Iterations
1 Angular_Diffgrence X Dot Y Dot Z Dot Required to
‘ of ry > ro Reference Orbit X Dot | Reference Orbit Y Dot | Reference Orbit Z Dot Obtain an
j.e., v2 - v1 1s|—0.67128213 EO is 0.45237915 EQ is -0.51983933 EQ Epsi]on_%g) of
(Degrees) (cuL/cuT) (cuL/cuT) (cuL/cuT) <10
3.8 -0.67081054 EO 0.45235122 EO -0.51959007 EO 4
11.4 -0.67103078 EO 0.45243688 EO -0.51971812 EO 6
22.8 -0.67130423 EO 0.45244466 EO -0.51981342 EO 8
45.6 -0.91948458 EO -0.37633925 EO1 0.11297649 EO01 I=25%
68.4 -0.79344996 EO -0.83165543 E-02 -0.38585390 EO I=25%
91.2 Computer halted during first iteration.
114.0 Computer halted dur;ng first iteration.
136.8 Computer halted dur;ng first iteration.
180.0 Computer halted dur;ng first iteration.
270.0 Computer halted dur;ng first iteration.
360.0 I first iteration.

* Did not converge.
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Table 10.

Results of Gaussian PODM for Relay-II Orbit

True Anomaly
Angular Difference
of Y‘l g Y‘2
T.e., vy =V
(Degrees)

Computed
X Dot
Reference Orbit X Dot
is -0.67069755 EO
(cuL/cuT)

Computed
Y Dot
Reference Orbit Y Dot
is -0.18565986 E-01
(CuL/cuT)

Computed
Z Dot
Reference QOrbit Z Dot
is 0.58071281 EQ
(CuL/cuT)

Iterations
Required to
Obtain an

| Epsilon {s) of

<10- 0

2.5

5.0
10.0
21.0
40.0
60.0
72.0

85.0
105.0
237.0
290.0
360.0

—0.67100217 EO
-0.67073406 EO
-O.6§072314 E0
-0.67063993 EO
-0.67060215 EO
0.18744650 E-01
0.29766430 E-01
0.38514860 E-01

-0.18597544 E-01
-0.18589598 E-01
-0.18613541 E-01
-0.18632347 E-01
-0.18680959 E-01
-0.38893012 E-01
-0.61606750 E-01
-0.79439075 E-01

Computer halted after first iteration.

Computer halted during first iteration.

Computer halted during first iteration.

Computer halted during first iteration.
I

.58100110 EO

o O

.58076722 EO
.58077790 EO
.58072454 EO
.58071562 EO
.79794763 E-02

o o o o o

.12576050 E-01
0.16103859 E-01

3

4

6

8

15
[=25%
1=25%
I=25%

* Did not converge.




Table 11. Results of Iteration of True Anomaly PODM for 0SO-IIT Orbit

ol

LLl

True Anomaly Computed Computed Computed Iterations
Angular Difference X Dot Y Dot Z Dot Required to
of r1 > r2 Reference Orbit X Dot  Reference Orbit Y Dot Reference Orbit Z Dot Obtain an
i.e., vp = Vg is -0.67128213 EO is 0.45237915 EO is -0.51983933 EO Epsilon %e) of
(Degrees) (cuL/cuT) (cuL/cuT) (cuL/cut) <10-10
3.8 ~0.67081054 EO 0.45235122 EQ -0.51959007 EO 15
11.4 -0.67103078 EQ 0.45243688 EO -0.51971812 EQ 12
22.8 | -0.67130422 EQ 0.45244467 EQ - | -0.51981342 EO 10
45.6 ~0.67165404 EO 0.45226800 EQ -0.51976476 EO 10
68.4 ~-0.67164899 EO 0.45215526 EO -0.51947102 EO 8
91.2 -0.67744460 EO 0.50667361 EO 0.53936484 EO 1=25%
114.0 ~0.67166326 EO 0.45243607 EO -0.51859662 EO 8
136.8 -0.67198271 EO 0.45278862 EO -0.51775008 EOQ 7
180.0 ~0.17226110 EO1 0.11138352 E01 -0.19506859 EO01 [=25%
270.0 0.12672460 EO -0.85052773 E-01 0.97780343 E-01 [=25*
360.0 Computer halted after six iterations.
]

* Did not converge.
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Table 12.

Results of Iteration of True Anomaly PODM for Relay-II Orbit

True Ancomaly
Angular Qifference
of r1 »ro
i.e., v2 - v1
(Degrees)

Computed
X Dot
Reference Orbit X Dot
is -0.67069755 EO
(cuL/cuT)

Computed
Y Dot
Reference Orbit Y Dot
is -0.18565986 E-01
(cuL/cuT)

Computed
Z Dot
Reference Orbit Z Dot
is 0.58071281 EO
(cuL/cuT)

Iterations
Required to
Obtain an
Epsilon ie) of
<10-10

2.5
5.0
10.0
21.0
40.0
60.0
72.0
85.0
105.0
237.0
290.0
360.0

-0.67100717 EO

-0.67073406 E0
-0.67072314 E0 |
-0.67063993 EO
-0.67060216 EO
~0.67058860 EO ?
-0.67057669 EO
-0.67057675 E0
-0.67058716 EO
-0.46843289 E-01

-0.18597543 E-01
-0.18589597 E-01
-0.18613537 E-01
-0.18632342 E-01
-0.18680947 E-01
-0.18723889 E-01
-0.18726361 E-01
-0.18730629 E-01
-0.18732997 E-01
-0.32805744 E-02

Computer halted after two iterations.

Computer halted after four iterations.

0.58100110 EO
.58076722 EO
.58077790 EO
.58072454 EO
.58071562 EO

o o o o o

.58070555 EO
0.58066965 EO
0.58064458 EO
0.58060167 EO
0.41666293 E-01

14
19
13
14
12
10

I=25%
10

I=25*%

*Did not converge.
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Table 13. Position and Time PODM Classical Orbital Element Comparisons - Semimajor Axis
True Anomaly Nominal
Angular Semimajor Fand G Iteration Iteration
Difference Axis from Gaussian Series of of Lambert-Euler
of ¥1 +¥p Reference PODM PODM True Anomaly Semiparameter PODM
i.e., vop - v Orbit PODM PODM
(Degrees ) (Earth Radii)
0S0-1II1 1.0866609
3.8 1.0860143 . 1.0860143 1.0860143 1.0860143 1.0860143
11.4 1.0866115 *1.0866115 1.0866115 1.0866115 1.0866115
22.8 1.0871705 1.0871707 1.0871705 1.0871707 1.0871705
45.6 No data 1.0874878 1.0874771 1.0874771 1.0874771
68.4 0.93732551 0.79332067 1.0869877 1.0869877 1.0869877
91.2 No data No data 1.1921556 1.1249820 1.1249820
114.0 No data No data 1.0862386 1.0862386 1.0862385
‘ 136.8 No data No data 1.0860864 1.0860865 1.0860865
180.0 No data No data No data No data No data
270.0 No data No data 0.55171611 No data 0.97499981
360.0 No data No data No data No data No data
RELAY-II 1.7448736
2.5 1.7479539 1.7479539 1.7479539 1.7479539 1.7479539
5.0 1.7460054 1.7460054 1.7460054 1.7460054 1.7460054
10.0 1.7460013 1.7460012 1.7460013 1.7460013 1.7460013
21.0 1.7454744 1.7454718 1.7454744 1.7454744 1.7454744
40.0 1.7452940 1.7451760 1.7452940 1.7452940 1.7452940
60.0 No data 1.7443844 1.7452079 1.7452079 1.7452079
72.0 0.73778052 1.7430571 1.7450325 1.7450325 1.7450326
85.0 0.73953397 1.3598060 1.7449446 1.7449446 1.7449446
105.0 No data 1.1883995 1.7448357 1.7448357 1.7448357
237.0 No data No data 0.73729180 No data No data
290.0 No data No data No data No data No data
360.0 No data No data No data No data No data

No data indicates program failed in computing these values.
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Table 14.

Position and Time PODM Classical Orbital Element Comparisons - Eccentricity

True Anomaly Nominal
Angular Eccentricity Fand G Iteration Iteration
Difference from Gaussian Series of of Lambert-Euler
of ¥1 ~ ¥o Reference PODM PODM True Anomaly Semiparameter PODM
f.e., vp = vy Orbit PODM PODM
(Degrees)
0SO-I11 { 0.0021640595
3.8 0.0023845575 | 0.0023845584 0.0023845588 0.0023845579 0.0023845587
11.4 0.0028469817 ' 0.0028469864 0.0028469841 0.0028469843 0.0028469841
22.8 0.0032708105 0.0032709635 0.0032708124 0.0032708120 0.0032708124
45.6 No data 0.0034625667 (0.0034533924 0.0034533867 0.0034533750
68.4 0.52792947 0.42286780 0.0029925489 0.0029925485 0.0029925490
91.2 No data No data 0.092067645 0.049560352 0.049560354
114.0 No data No data 0.0023672168 0.0023672094 0.0023671832
136.8 No data No data 0.00225239044 0.0022529505 0.0022529528
180.0 No data No data No data No data No data
270.0 No data No data 0.96439317 No data 0.11970044
360.0 No data No data No data No data No data
RELAY-II 0.24114781
2.5 0.24171947 0.24171947 0.24171947 0.24171947 0.24171947
5.0 0.24112427 0.24112427 0.24112427 0.24112427 0.24112427
10.0 0.24109974 0.24109972 0.24109974 0.24109974 0.24109974
21.0 0.24091843 0.24091762 0.24091843 0.24091843 0.24091843
40.0 0.24082014 0.24079030 0.24082016 0.24082016 0.24082016
60.0 No data 0.24060980 0.24076101 0.24076101 0.24076102
72.0 0.99999997 0.2404882 0.24071194 0.24071194 0.24071196
85.0 0.9999938?2 0.53935368 0.24068833 0.24068833 0.24068834
105.0 No data 0.63807485 0.24066680 0.24066682 0.2406678
237.0 No data No data 0.99433781 No data No data
290.0 No data No data No data No data No data
360.0 i No data No data No data No data No data

No data indicates program failed

in computing these values.
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Table 15. Position and Time PODM Classical Orbital Element Comparisons - Longitude of Ascending Node

Nominal
True Anomaly Longititude
Angular of Ascending Gaussian F and G Iteration Iteration Lambert-Euler
Difference Node from PODM Series of of PODM
of ¥1 ~ ¥ Reference PODM True Anomaly Semiparameter
i.e., vo =V Orbit PODM PODM
(Degrees) (Radians)
0S0-111 -2.2460589
3.8 -2.2786124 -2.2786124 -2.2786124 -2.2786124 -2.2786124
11.4 -2.2786149 -2.2786149 -2.2786149 -2.2786149 -2.2786149
22.8 -2.2786216 -2.2786216 -2.2786216 -2.2786216 -2.2786216
45.6 No data -2.2786445 -2.2786445 -2.2786445 -2.2786445
68.4 -2.2786827 0.83662099 -2.2786827 -2.2786827 -2.2786827
91.2 No data No data 1.0276607 1.0276607 1.0276607
114.0 No data No data -2.2788396 -2.2788396 -2.2788396
136.8 No data No data -2.2790210 -2.2790210 -2.2790210
180.0 No data No data No data No data No data
270.0 No data No data 0.86280731 No data 0.86280731
360.0 No data No data No data No data No data
RELAY-II 2.2064792
2.5 2.1972221 2.1972221 2.1972221 2.1972221 2.1972221
5.0 2.1972213 2.1972213 2.1972213 2.1972213 2.1972213
10.0 2.1972198 2.1972198 2.1972198 2.1972198 2.1972198
21.0 2.1972183 2.1972183 2.1972183 2.1972183 2.1972183
40.0 2.1972201 2.1972201 2.1972201 2.1972201 2.1972201
60.0 No data 2.1972270 2.1972270 2.1972270 2.1972270
72.0 -0.94435814 2.1972345 2.1972345 2.1972345 2.1972345
85.0 -0.94435049 1.9516982 2.1972422 2.1972422 2.1972422
105.0 No data 1.9406196 2.1972568 2.1972568 2.1972568
237.0 No data No data 2.1976536 No data No data
290.0 No data No data No data No data No data
360.0 No data No data No data No data No data

No data indicates program failed in computing these values.
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Table 16.

Position and Time PODM Classical Orbital Element Comparisons - Orbital Inclination

True Anomaly Nominal ) )
Angular Orbital F and G Iteration Tteration
Difference IncTlination Gaussian Series of of Lambert-Euler
of ¥1 > 712 from PODM PODM True Anomaly Semiparameter PODM
i.e., v2 - v1 | Reference PODM PODM
(Degrees) Orbit
(Radians)
0S0-I11 0.57356194
3.8 0.57386440 0.57386440 0.57386440 0.57386440 0.57386440
11.4 0.57385039 0.57385039 0.57385039 0.57385039 0.57385039
22.8 0.57381367 0.57381367 0.57381367 0.57381367 0.57381367
45.6 No data 0.57368666 0.57368666 0.57368666 0.57368666
68.4 0.57347473 2.6863359 0.57347473 0.57347473 0.57347473
91.2 No data No data 0.56982104 0.56982104 0.56982104
114.0 No data No data 0.57260595 0.57260595 0.57260595
136.8 No data No data 0.57160489 0.57160489 0.57160489
180.0 No data No data No data No data No data
270.0 No data No data 2.5686864 No data 2.5686864
360.0 No data No data No data No data No data
RELAY-1I 0.80848228 |
\
2.5 0.80872844 0.80872844 | 0.80872844 0.80872844 0.80872844
5.0 0.80873061 0.80873061 0.80873061 0.80873061 0.80873061
10.0 0.80873462 0.80873462 0.80873462 0.80873462 0.80873462
21.0 0.80873900 0.80873900 0.80873900 0.80873900 0.80873900
40.0 0.80873386 0.80873386 0.80873386 0.80873386 0.80873386
60.0 No data 0.80871476 0.80871476 0.80871476 0.80871476
72.0 2.3328988 0.80869383 0.80869383 0.80869383 0.80869383
85.0 2.3329201 1.9210250 0.80867257 0.80867257 0.80867257
105.0 No data 1.9725943 0.80863180 0.80863180 0.80863180
237.0 No data No data 0.80753039 No data No data
290.0 No data No data No data No data No data
360.0 No data No data No data No data No data

No data indicates program failed in computing these values.
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Table 17. Position and Time PODM Classical Orbital Element Comparisons - Nominal Argument of Perigee
Nominal
True Anomaly Argument F and G Iteration Iteration Lambert-Euler
Angular of Perigee Gaussian Series of of PODM
Difference from PODM PODM True Anomaly Semiparameter
of ¥1* P2 Reference PODM PO
i.e., Vo -V Orbit
(Degrees) (Radians)
0S0-1I1 -3.4856807
3.8 -3.5809687 -3.5809693 -3.5809695 -3.5809689 -3.5809694
11.4 -3.4656506 -3.4656515 -3.4656518 -3.4656519 -3.4656518
22.8 -3.3580944 -3.3580766 -3.3580952 ~3.3580950 -3.3580952
45.6 No data -3.2308644 -3.2320094 -3.2320072 -3.2320031
68.4 -5.4079583 -2.9238213 -3.2244081 -3.2244080 -3.2244081
91.2 No data No data -2.7283392 -0.87159489 -0.87159441
114.0 No data No data -3.3514835 -3.3514834 -3.3514790
136.8 No data No data -3.3938025 -3.3938061 -3.3938062
180.0 No data No data No data No data No data
270.0 No data No data -3.2392317 No data -2.9099143
360.0 No data No data No data No data No data
RELAY-II -1.3234053
2.5 -1.3088962 -1.3088962 -1.3088962 ~-1.3088962 -1.3088962
5.0 -1.3118151 -1.3118151 -1.3118151 -1.3118151 -1.3118151
10.0 -1.3117024 -1.3117024 -1.3117024 -1.3117024 -1.3117024
21.0 -1.3123907 -1.3123945 -1.3123907 -1.3123907 -1.3123907
40.0 -1.3124450 -1.3126543 -1.3124450 -1.3124450 -1.3124450
60.0 No data -1.3141631 -1.3124132 -1.3124132 -1.3124132
72.0 -6.0285606 -1.3176087 -1.3127055 -1.3127055 -1.3127055
85.0 -6.0285203 -2.4581196 -1.3128599 -1.3128599 -1.3128599
105.0 No data -2.7249224 -1.3130937 ~-1.3130937 -1.3130937
237.0 No data No data -3.3956230 No data No data
290.0 No data No data No data No data No data
360.0 No data No data No data No data No data

No data indicates program failed in computing these values.




Table 18. Computer Core Requirements

PODM
LamBért-Eu]e;'ru."
F and G Series
Iteration of Semiparameter
Gaussian
Iteration of True Anomaly
Method of Gauss
Laplace
Double R-Iteration
Modified Laplacian
R-Iteration
Trilateration
Herrick-Gibbs

Computation for Range, Range
Rate, and Angle Data

No. of 24-Bit

Words Required
3352
4649
3479
3308
3406
5254
4470
4919
3981
4458
4231
3525
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Table 19. PODM Computation Time

Total Time
Without
Total Time for "Solution for Time for
Program with Classical Each Additional
One lteration Elements" Iteration
PODM (Milliseconds) (Milfiseconds) (Milliseconds)r
Position and Time
F and G Series 21 15 8
Gaussian 17 11 5
Iteration of 16.5 10.5 6
Semiparameter
Iteration of the 16.5 10.5 6
True Anomaly
Lambert-Euler 16 10 5
Angles Only
Laplace 19 13 5
Double R-lteration 19 13 9
Method of Gauss (1) 26 16 5 & 8
Mixed Data
Herrick-Gibbs 13 7 -
R-lteration 20 14 8
Modified Laplacian 17 11 5
Triateration 17 11 5

(1) Method of Gauss has two iteration loops

185




Table 20. Ease of Convergence

PODM

Average Number of lterations Required

Lambert-Euler

F and G Series

Gaussian

Iteration of Semiparameter

Iteration of True Anomaly

0SO-11i
7
6
9
12
10

Combined
Relay-Il Average
11 9
8 7
7 8
10 11
14 12

Table 21. Best Overall Resulits for Radius Vector Spread

Range of Radius Vector Spread

PODM

0° < v <45°

45° <y < 140°

F and G Series

Gaussian

Lambert-Euler

Iteration of True Anomaly

lteration of Semiparameter

Table 22, Order of Selection for Optimum PODM

Computation
Time

Lambert-Euler

lteration of Semiparameter
Iteration of True Anomaly
Gaussian

F and G Series

1
2-3
2-3

4

5

Ease of Best Overall
Convergence | -_Accuracy
1-2 1-2
3-4 1-2
3-4 3
1-2 5
5 4
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Table 23. 0SO-III Range/Range Rate and Angular Data
(Topocentric Coordinate System)
Epoch 67Y 10M 20D OOH OOM 00S
| Range Right Time from
Data Range Rate Declination Ascension Epoch Station
Point P 6 8 a Name
(cuL) (cuL/cuT) (Radians) (Radians) (Minutes)
1 0.11634686 EO -0.45635762 E-2| -0.62507848 EO 0.44485366 EO | 0.42900000 E3 Quito
1 0.19238541 EO -0.67367391 EO 0.85750708 EO 0.36812866 EO | 0.42900000 E3 Lima
1 0.57151514 EO -0.65374571 EO 0.10182674 E1 0.41054875 EO | 0.42900000 E3 Santiago
2 0.13288929 EO 0.42086265 EO | -0.93053247 EO 0.10773335 E1 | 0.43000000 E3 Quito
2 (0.14805040 EO -0.49604487 EO 0.80771167 EO 0.81921376 EO | 0.43000000 E3 Lima
2 0.52415134 EO -0.61897421 EO 0.10249512 E1 0.58326064 EO | 0.43000000 E3 Santiago
3 0.22583837 EO 0.74340715 EO | -0.93836480 EO 0.20783978 E1 | 0.43200000 E3 Quito
3 0.12994566 EO 0.30464432 EO 0.24410711 EO 0.18328840 E1 | 0.43200000 E3 Lima
3 0.43970803 EO -0.50531992 EO 0.10101581 El1 0.10121787 E1 | 0.43200000 E3 Santiago
4 0.40313098 EO 0.81886282 E0 | -0.80148994 EO 0.25539242 E1 | 0.43500000 E3 Quito
4 0.26871481 EO 0.77208888 EO | -0.28683805 EO 0.24667446 E1 | 0.43500000 E3 Lima
4 0.36009344 EO -0.17300730 EQ 0.82681412 EQ 0.17591614 E1 | 0.43500000 E3 Santiago
5 0.76749498 EQ 0.79928922 EO | -0.65599498 EO 0.29501521 E1 | 0.44100000 E3 Quito
5 0.63169893 EO 0.81632973 EO | -0.41477732 EO 0.29287723 E1 | 0.44100000 E3 Lima
5 0.46777177 EO 0.55520424 EO 0.18582274 EO 0.26801299 E1 | 0.44100000 E3 Santiago
6 0.76352988 EO 0.71594029 EO | -0.28127920 E-1| 0.31159661 E1 | 0.44700000 E3 Santiago
6 0.74785942 EO -0.80054013 EO | -0.17638387 EO 0.97278986 EO | 0.44700000 E3 Johannesburg
6 0.10629221 E1 -0.74142968 E0 | -0.22924942 EO 0.10951673 E1 | 0.44700000 E3 Madagascar
7 0.10793174 E1 -0.23126828 EO 0.12383610 E1 0.12266098 E1 | 0.45300000 E3 Johannesburg
7 0.11280901 E1 -0.45427354 EQ 0.93836178 EO 0.13128296 E1 | 0.45300000 E3 Madagascar
8 0.10531220 EQ 0.11922778 EO | -0.91352007 EO | -0.27920773 E1 | 0.45900000 E3 Johannesburg
8 0.35115898 EO -0.81909318 EO | -0.58424762 EO 0.16303254 E1 | 0.45900000 E3 Madagascar
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Table 23.

0SO-IIT Range/Range Rate and Angular Data
(Topocentric Coordinate System)
Epoch 67Y 10M 20D OOH OOM 00S (Cont'd)

Range Right Time from
Data Range Rate Declination Ascension Epoch Station
Point P 6 8 o Name
(cuL) (CUL/CUT) {Radians) (Radians) (Minutes)
9 0.41131892 EO 0.82112059 EO 0.15782305 EO . -0.18084010 E1  0.46500000 E3 Johannesburg
9 0.10993237 EO 0.37522557 EO  -0.42843954 EO ' -0.22250441 E1  0.46500000 E3 Madagascar
10 0.11169323 E1 0.72873755 EO 0.46343195 EO  -0.12996834 E1  0.47700000 E3 Johannesburg
10 0.80621682 EO 0.79408998 EO 0.50347015 E0  -0.11542474 E1  0.47700000 E3 Madagascar
10 0.11916632 E1 -0.18574710 EO 0.57157446 EO  -0.29859676 E1  0.47700000 E3 Orroral
12 0.47239474 EO -0.59420234 EO | -0.18853377 E0  -0.21196418 E0  0.52500000 E3 Quito
12 0.50359872 EO -0.79805117 EO . 0.25089801 EO -0.16507695 EO  0.52500000 E3 Lima
12 0.75736078 EO -0.79022343 EO - 0.66279248 EO  0.87279491 E-1 0.52500000 E3 Santiago
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Table 24. Relay-II Range/Range Rate and Angular Data
(Topocentric Coordinate System)
Epoch 67Y 1IM 13D OOH 0OM 00S
: Range Right Time from
I Data Range Rate Declination Ascension Epoch Station
| Point p 6 § a : © Name
| (cuL) (cuL/cuT) (Radians) (Radians) (Minutes)
i T

1 0.89888122 EO 0.14301893 EO 0.31193977 EO 0.14776794 E1 | 0.66500000 E3 Santiago

1 0.70207264 EO -0.14905871 EO | -0.92884152 E-1 | 0.13783888 E1 | 0.66500000 E3 Lima

1 (.72304980 EO -0.31760081 EO | -0.39567188 EO 0.13681167 E1 | 0.66500000 E3 | Quito -

2 0.91079344 EO 0.17681771 EO 0.35817955 EO 0.15330759 E1 | 0.66600000 E3 Santiago

2 0.69280362 EO -0.99906213 E-1| -0.31316161 E-1 | 0.14447979 E1 | 0.66600000 E3 Lima

2 0.70088515 EO | -0.27766471 EO | -0.34230491 EO 0.14374326-E1 | 0.66600000 E3 Quito

3 | 0.92511571 EO 0.20802940- EO 0.40330177 EO 0.15872940 E1 | 0.66700000 E3 Santiago

3 0.68722148 EO -0.50294936 E-1| 0.32133870 E-1 | 0.15102860 E1 | 0.66700000 E3 Lima

3 0.68181821 EO -0.23487703 EO | -0.28467688 EO | 0.15058797 E1 | 0.66700000 E3 Quito

4 0.96023887. EO 0.26243882 EO 0.48947537 EO 0.16924963 E1 | 0.66900000 E3 Santiago

4 0.68703725. E0 0.47002459 E-1| 0.16150698 EO 0.16384893 E1 | 0.66900000 E3 Lima

4. 0.65366838 EO -0.14232829 EO | -0.15836583 EO 0.16400535 E1 | 0.66900000. E3 Quito

5 0.64019751 EO 0.50475988 E-1| 0.11722174 EO 0.18964100 E1 | 0.67300000 E3 Quito

5 . 0.72696304 EO 0.21314890 EO 0.40799880 EO 0.18833043 E1 | 0.67300000 E3 Lima

5 0.79087014 EO -0.22489191 EO | -0.47058734 EO 0.20403390 E1 | 0.67300000 E3 Ft. Myers

-6 - 1 0.76057235 EQ 0.31746370 EQ 0.58785855 EO 0.23705836 E1 | 0.68100000 E3 Quito

6 0.91466433 EO 0.38498172 EO 0.76792261 EQ 0.23382376 E1 | 0.68100000 E3 Lima

6 0.73482427 EO 0.37758981 E-1| -0.15872731 E-1 | 0.24594815 E1 | 0.68100000 E3 Ft. Myers

7 0.98056431 EO 0.40079706 EO 0.85147922 EO 0.28211775 E1 | 0.68900000 E3 Quito

7 0.11581804 E1 0.41989126 EO 0.96366759 EO 0.27765901 E1 | 0.68900000 E3 Lima

7 0.82155313 EO 0.23363976 EO 0.37926968 EO 0.28470387 E1 | 0.68900000 E3 Ft. Myers
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Table 24.

Relay-1I Range/Range Rate and Angular Data
(Topocentric Coordinate System)

Epoch 67Y 1M 130 OOH OOM 00S (Cont'd)

Range Right Time from
Data Range Rate Declination Ascension Epoch Station-
Point p ) 8 o Name
(cuL) (cuL/cuT) (Radians) (Radians) (Minutes)
8 0.94366490 EO 0.30450685 EO 0.57319622 EO 0.31312779 E1 | 0.69500000 E3 Ft. Myers
8 0.98530497 EO -0.37367764 E-1 | 0.22465771 EO 0.26491460 E1 | 0.69500000 E3 Newfoundland
8 0.14629012 E1 -0.18644757 EO 0.12172679 EO 0.24023389 E1 | 0.69500000 E3 Winkfield
9 0.10622621 E1 0.32951433 EQ 0.67368809 EO0 | -0.29201484 E1 | 0.70000000 E3 Ft. Myers
9 0.98419844 EO -0.29869375 E-1| 0.38590132 EQ 0.28497676 E1 | 0.70000000 E3 Newfoundland
9 0.13977209 E1 -0.16398231 EO 0.23730549 EQ 0.25287457 E1 | (0.70000000 E3 Winkfield
10 0.12613358 E1 0.33464199 EO 0.74978306 EQ | -0.25714658 E1 | 0.70800000 E3 Ft. Myers
10 0.10284237 E1 0.11327257 EO 0.58431282 EQ | -0.30762094 E1 | 0.70800000 E3 Newfoundland
10 0.13111786 E1 -0.12686322 EO 0.41232413 EO 0.27536675 E1 | 0.70800000 E3 Winkfield
11 0.17091122 E1 -0.26426344 EO 0.10202773 E1 | -0.14992882 E1 | 0.76800000 E3 Johannesburg
11 0.16446661 E1 -0.32404875 EO 0.95892110 EO | -0.18418508 E1 | 0.76800000 E3 Madagascar
12 0.20003376 E1 -0.48310473 EO 0.25394107 EO | -0.13362718 E1 | 0.79900000 E3 Orroral
13 0.15747209 E1 0.56274620 E-1 | 0.18575302 EO 0.14646764 E1 | 0.86000000 E3 Santiago
13 0.15069416 E1 -0.13631837 EO | -0.33291602 E-1| 0.13537631 E1 | 0.86000000 E3 Lima
13 0.15144226 E1 | -0.22774245 EQ | -0.17503491 EQ 0.13343712 E1 | 0.86000000 E3 Quito
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Table 25. 0SO-III Data Points and Stations Used
for PODMs Requiring Angular
and Mixed Data Inputs

Station for

Three-Station

Station for
Single-Station

Three Stations with
Input Resolved to

Inputs Input Single Time Input
Data Station
Point
Quito Quito 1 Santiago
Lima Quito 1 Lima
Santiago Quito 1 Quito
Quito Quito 2 Santiago
Lima Quito 2 Lima
Santiago Quito 2 Quito
Quito Quito 3 Santiago
Lima Quito 3 Lima
Santiago Quito 3 Quito
Quito Quito 4 Santiago
Lima Quito 4 Lima
Santiago Quito 4 Quito
Quito Quito 5 Santiago
Lima Quito 5 Lima
Santiago Quito 5 Quito
Santiago Johannesburg 6 Santiago
Johannesburg Johannesburg 6 Johannesburg
Madagascar Johannesburg 6 Madagascar
Santiago Johannesburg 10 Johannesburg
Johannesburg Johannesburg 10 Madagascar
Madagascar Johannesburg 10 Orroral
Santiago Johannesburg 12 Santiago
Johannesburg Johannesburg 12 Lima
Madagascar Johannesburg 12 Quito
Santiago Johannesburg N/A N/A
Johannesbhurg Johannesburg N/A N/A
Madagascar Johannesburg N/A N/A
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" Table 25. 0SO-III Data Points and Stations Used
C for PODMs Requiring Angular
and Mixed Data Inputs (Cont'd)

Data " Station for Station for Three Stations with
Points Three-Station Single-Station Input Resolved to"
Used “Inputs Input Single Time Input

Data Agistatioﬁ
‘ Point
6 Santfago Johannesburg N/A N/A
9 . dJohannesburg Johannesburg N/A N/A
10 Madagascar Johannesburg N/A N/A
1 Quito : Quito N/A N/A
2 Lima ‘ Quito : N/A N/A
12 Santiago ) Quito . - : N/A N/A
1 © Quito ' Quito - N/A N/A
5 Lima Quito :. - 4 N/A - N/A
12 *.Santiago Quito = N/A N/A
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Table 26. Relay-II Data Points and Stations Used for

Station for
Three-Station
Inputs

Santiago
Lima
Quito

Santiago
Lima
Quito

Santiago
Lima
Quito

Santiago
Quito
Lima

Santiago
Quito
Lima

Quito
Lima
Ft. Myers

Quito
Lima
Ft. Myers

Quito
Lima
Ft. Myers

Quito
Lima
Ft. Myers

PODMs Requiring Angular and

Mixed Data Inputs

Station for
Single-Station
Input

Quito
Quito
Quito

Quito
Quito
Quito

Quito
Quito
Quito

Quite
Quito
Quito

Quito
Quito
Quito

Ft. Myers
Ft. Myers
Ft. Myers

Ft. Myers
Ft. Myers
Ft. Myers

Ft. Myers
Ft. Myers
Ft. Myers

Ft. Myers

Ft. Myers
Ft. Myers
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Three Stations with
Input Resolved to
Single Time Input

Data
Point

1
1
1

WO WO

Station

Santiago
Lima
Quito

~.Santiago

Lima

- Quitao

Santiago
Lima
Quito

Santiago
Lima
Quito

Quito
Lima
Ft. Myers

Quito
Lima
Ft. Myers

Quito
Lima
Ft. Myers

Ft. Myers
Newfoundland
Winkfield

Ft. Myers
Newfoundland
Winkfield




Table 26.

Station for

Data
Points Three-Station
Used Inputs
6 Quito
9 Ft. Myers
10 Newfoundland
1 Santiago
2 Lima
13 Quito
1 Santiago
5 Lima
13 Quito
1 Santiago
7 Lima
13 Quito

Single-Station

Relay-II Data Points and Stations Used for
PODMs Requiring Angular and
Mixed Data Inputs (Cont'd)

Station for

Three Stations with
Input Resolved to

Input Single Time Input

Data Statiahr
Point

Ft. Myers 10 Ft. Myers

Ft. Myers 10 Newfoundland

Ft. Myers 10 Winkfield

Quito 13 Santiago

Quito 13 Lima

Quito 13 Quito

Quito N/A N/A

Quito N/A N/A

Quito N/A N/A

Quito N/A N/A

Quito N/A N/A

Quito N/A N/A
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Table 27.

Results of Method of Gauss PODM for 0SO-III

True Anomaly

Computed X Dot

Computed Y Dot

Comguted Z Dot

AnguTar I Difference Reference Orbit  Reference Orbit  Reference Orbit Number
Y‘l > Py ‘ f3 » ?1 X Dot at Ty Y Dot at T, Z Dot at Ty of
ie., vo =V i.e., vq - vy _ Iterations
(Degrees) (Degrées) (cuL/cuT) (cuLzeut) (cuL/cuT) (1)
3.8 11.4 -0.70791722 EO 0.39743942 EQ ~0.52158271 EO 19/8
-0.70685743 EO 0.40013314 EO «0.51534094 EO
3.8 22.8 -0.70667326 EO 0.39969767 EO -0.51601203 EOQ 10/5
~0.70685743 EO 0.40013314 EO ~0.51534094 EO
3.8 45.6 -0.70657644 EOQ 0.39983035 EO -0.51529424 EO 9/16
-0.70685743 EO 0.40013314 EO -0.51534094 E0
11.4 45.6 -0.76769882 EO 0.29034934 EO -0.49971037 E 15/25
-0.76862972 EQ 0.29068616 EO -0.49963709 _5
22.8 45.6 -0.83775843 EOQ 0.11826982 EOQ -0.45899419 EOQ 13/11
-0.83592404 EO 0.11781151 EO -0.45992297 EO
(2) 22.8 45.6 NO DATA NO DATA NO DATA 8/3
-0.55646495 EO -0.77864062 EO 0.55149247 E-1 |
22.8 68.4 -0.11614366 E1 -0.16762643 E1 -0.35725661 EQ 25/25
-0.55646495 EO -0.77864062 EO 0.55149247 E-1
(3) 22.8 111.6 NO DATA NO DATA NO DATA 15/5
-0.55646495 EO ~0.77864062 EQ 0.55149247 E-1
45.0 68.4 -0.25517320 -0.88735304 EQ 0.24888084 EO 9/20
-0.25549497 EO -0.88905191 EO 0.24948641 EO
68.4 111.6 0.65269272 E-1 | -0.69242933 EO 0.32903333 EO 8/25
0.84194416 E-1 -0.86372645 EO 0.40548748 EO
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Table 27. Results of Method of Gauss PODM for 0SO-III (Cont'd)

True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
Angular Differgnce Reference Orbit Reference Orbit Reference Orbit Number
r{ -+ ro r3 -1 X Dot at To Y Dot at To Z Dot at T2 . of
i.e., Vo = vq i.e., v3 - vy | Iterations
(Degrees) (Degrees) (cuL/cuT) (cuL/cuT) (CUL/CUT)
(4) 3.8 | 360.0 NO DATA | NO DATA NO DATA 14/3
-0.70685743 EO 0.40013314 EO -0.51534094 EO
(5) 45.6 360.0 NO DATA NO DATA NO DATA 25/6
-0.87135390 EO -0.23408489 EQ -0.32909258 EO

Method of Gauss has two iteration loops (1/2)
Computer halted after third iteration of second Toop
Computer halted after fifth iteration of second Toop
Computer halted after third iteration of second loop
Computer halted after sixth iteration of second loop

TN N
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Table 28. Results of Method of Gauss PODM for Relay-II
) True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
Angular Differgnce Reference Orbit Reference Orbit Reference Orbit Number
ry 7 ro rqg>r X Dot at T, Y Dot at Ty Z Dot at T2 of
i.e.yvp = v i.el, v3T- Vg [terations
(Degrées) (Degrees) (cuL/cuT) (CuL/CcUT) (CUL/CUT) (1)
2.5 5.0 -0.65573896 EO -0.48529845 E-1 0.58465493 EO 25/6
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 | 10.0 -0.65577567 EQ  -0.47736815 E-1  0.58613153 EQ 25/7
‘ -0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 | 21.0 -0.65584460 EQ -0.47958021 E-1 0.58649359 EO 24/7
' -0.65562172 EO -0.48674037 E-1 0.58641873 EO
5.0 . 21.0 -0.63987321 EO -0.77623212 E-1 0.59110496 EO . 15/7
: -0.63983417 EO -0.77927626 E~1 0.59099381 EO
10.0 : 21.0 -0.60642894 EQ -0.13341274 EQ 0.59706499 EO 25/5
-0.60637538 EO -0.13383906 EO 0.59694559 EO -
20.0 ; 32.0 -0.22620569 EO -0.49453221 EQ 0.49575304 EO 25/8
-0.22604802 EO -0.49460573 EQ 0.49560149 EO
20.0 | 45.0 -0.22630405 EO -0.49457044 EQ 0.49582764 EO 25/9
: -0.22604802 EO -0.49460573 EO- 0.49560149 EO
20.0 65.0 -0.22658515 EQ -0.49480670 EO 0.49613260 EO 25/25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
32.0 45.0 -0.11872069 EC -0.54240256 EOQ 0.43382895 EO 22/9
-0.11873926 EO -0.54226741 EO 0.43373466 EO
(2) 45.0 65.0 NO DATA NO DATA NO DATA 25/5
-0.35627838 E-1 -0.56593395 EQ 0.37767977 EO
(3) 2.5 360.0 NO DATA NQ_ A NO DATA 6/3
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
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Table 28.

Results of Method of Gauss PODM for Relay-II (Cont'd)

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

-0.22604802 EO

-0.49460573 EO

0.49560149 EO

AnguTar Differgnce Reference Orbit | Reference Orbit | Reference Orbit Number
ry > ro r3 v ory X Dot at T»p Y Dot at Ty Z Dot at Ty of
i.e., vp- vy | i.e., V3 -V Iterations

(Degrees) (Degrees) (cuL/cuT) (cuL/cuT) (cuL/cuT)
(4) 21.0 360.0 NO DATA NO DATA NO DATA 14/3
-0.53391142 EO -0.23461233 EO 0.59733711 EO
(5) 60.0 360.0 NO DATA NO DATA NO DATA 25/3

Method of Gauss has two iteration loops (1/2)
Computer halted after fifth iteration of second loop

Computer halted after third iteration of second loop

(1)
(2)
23% Computer halted after third iteration of second loop
4
(5)

Computer halted after third iteration of second loop




Table 29. Results of Laplace PODM for 0SO-III

True Anomaly Computed Y Dot Computed Z Dot

Computed X Dot

661

BnguTagr ' Differgnce Reference Orbit  Reference Orbit ; Reference Orbit Number
r{Tr o ry 7y X Dot at T, Y Dot at T, Z Dot at T2 of
T.e.y vy = v i.el, v3- v Iterations
(Degrées) (Degrees) (cuL/cut) (cuL/cuT) (cuLseuT) ;
. l
3.8 11.4 -0.62214854 EO -0.42083550 E1 -0.18298844 E2 25
-0.70685743 EO ; 0.40013314 EO -0.51534094 EO
3.8 22.8 -0.12509150 E1 0.81876243 EO 0.26324664 E1 25
-0.70685743 EO 0.40013314 EO -0.51534094 EO
3.8 45.6 0.62338167 EO -0.97365651 EQ -0.91009868 E1 24
-0.70685743 EO 0.40013314 EO -0.51534094 EO
11.4 45.6 -0.17521341 E1 0.10642148 E1 0.36921444 EG 25
| -0.76862972 EO 0.29068616 EO -0.49963709 EO
i
: 22.8 45.6 -0.11041127 E1 0.19952538 EQ -0.47175310 EO 17
-0.83592404 EO 0.11781151 EO -0.45992297 EO
22.8 45.6 -0.44101836 E1 -0.17955487 E1 -0.11655648 E1 19
-0.55646495 EO -0.77864062 EO 0.55149247 E-1
22.8 68.4 0.24578202 EO -0.73672249 EQ 0.23126402 E1 25
-0.55646495 EO -0.77864062 EO 0.55149247 E-1
22.8 111.6 0.25079742 E1 -0.11870974 EO 0.45458931 E1 25
-0.55646495 EO -0.77864062 EQ 0.55149247 E-1
45.0 68.4 -0.19467675 E1 -0.27913786 EO -0.18056729 E1 25
-0.25549497 EO -0.88905191 EO 0.24948641 EO
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Table 29.

Results of Laplace PODM for 0SO-III (Cont'd)

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

AnguTar Difference Reference Orbit | Reference Orbit | Reference Orbit Number
ry e r3 > rj X Dot at Tp Y Dot at Tp Z Dot at Tp of
i.e., v2 - v i.e., V3 =V Iterations

(Degrees) (Degrees) (cuL/cut) (cuL/cuT) (cuL/cuT)
68.4 111.6 0.95421127 E-1 -0.44695439 EO 0.27811717 EQ 25
0.84194416 E-1 -0.86372645 EO 0.40548748 EO
3.8 360.0 -0.17796285 E1 0.78874290 EQ 0.38617498 E1 10
-0.70685743 EO 0.40013314 EO ~-0.51534094 EO
45.6 360.0 0.42930140 E1 0.33948553 EO -0.56191323 EO 18

-0.87135390 EO

-0.23408489 EO

-0.32909258 EO




Table 30. Results of Lapiace PODM for Relay-II
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True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
Angular Difference Reference Orbit Reference Orbit Reference Orbit Number
rqy>ro r3 > ri X Dot at Ty Y Dot at To Z Dot at T, of
e, v2 = vy i.e., v3 - v Iterations
(Degrees) (Degrees) (cuL/cuT) (CUL/CUT) (CuL/cuT)
2.5 5.0 -0.72714109 EQ -0.71504655 E-1 0.59489353 EO 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 10.0 -0.10267281 E1 -0.18628955 E1 0.36820326 El 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 21.0 -0.53878453 E4 -0.23647739 E5 0.36040611 E5 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
5.0 21.0 -0.48696044 EQ -0.18666574 E1 0.35635083 E1 25
-0.63983417 EO -0.77927626 E-1 0.59099381 EO
10.0 21.0 0.31209321 E1 -0.57152970 E2 0.99120958_§l 25
-0.60637538 EO -0.13383906 EO 0.59694559 EO
20.0 32.0 -0.26693959 EO -0.43433233 EO 0.69450731 EO 25
-0.22604802 tO -0.49460573 EO 0.49560149 EO
20.0 45.0 -0.13796895 EO -0.56147737 EO 0.45146978 EO 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
20.0 65.0 -0.16272038 EC 0.33983267 EO -0.12063448 EO 10
-0.22604802 EO -0.49460573 EO 0.49560149 EO
32.0 | 45.0 -0.52113641 EO -0.10880935 E1 0.13009035 E1 16
-0.11873926 EO -0.54226741 EO 0.43373466 EO
45.0 65.0 . -0.36805806 E-1 | -0.59926305 EQ 0.54858426 EO 25
-0.35627838 E-1 -0.56593395 EO 0.37767977 EO
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Table 30.

Results of Laplace PODM for Relay-II

(Cont'd)

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

Angular Difference Reference Orbit Reference Orbit Reference Orbit Number
S rg > Ty X Dot at T2 Y Dot at T2 Z Dot at T2 of
i.e. Vo - Vg i.el, vy, - V1 Iterations

(Degrées) (Degrees) (cuL/cuT) (cuL/cuT) (cuL/cuT)
2.5 360.0 -0.20583222 E1 0.42296244 EQ 0.16115016 E2 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
21.0 360.0 0.77590448 E1 0.89489232 EO ~0.16625441 E1 25
-0.53391142 EO -0.23461233 EO 0.59733711 EO
60.0 360.0 0.14735411 E1 0.15238060 E1 -0.12408895 E1 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO




Table 31. Results of Double R-Iteration PODM for 0SO-III
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True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
Angular . Difference Reference Orbit Reference Orbit Reference Orbit Number
F1 > ¥y F3 > X Dot at Ty Y Dot at T, Z Dot at T, of
i.e., vp = vy  i.e., V3 - v; Iterations
(Degrees) (Degrees) (CUL/CUT) (CuL/CUT) (cuL/cuT)
3.8 11.4 0.10753446 E-1 0.66555841 E-1 0.51606808 E-1 25
-0.70685743 E 0.40013314 EO . -0.51534094 EO
3.8 22.8 -0.14092275 EO -0.29962388 E-1 -0.91042634 EO 25
-0.70685743 EO 0.40013314 EO -0.51534094 EO
3.8 45.6 + 0.13710653 E-1 -0.11286502 EO -0.16121196 EO 25
-0.70685743 EO ] 0.40013314 EO -0.51534094 EO
11.4 45.6 0.26168193 EO -0.38736629 E1 -0.16471906 E1 25
-0.76862972 EO 0.29068616 EO -0.49963709 EO
22.8 45.6 -0.78886572 EO  0.12043147 EO -0.48667308 EO 25
-0.83592404 EO 0.11781151 EO -0.45992297 EO
(1) 22.8 45.6 NO DATA NO DATA NO DATA 25
-0.55646495 EO -0.77864062 EQ 0.55149247 E-1
(2) 22.8 ! 68.4 NO DATA NO DATA NO DATA 25
-0.55646495 EO -0.77864062 EO 0.55149247 E-1
‘ !
22.8 111.6 -0.11258185 EO 0.18068761 EO | -0.19051456 EQ 25
-0.55646495 EO -0.77864062 EO 0.55149247 E-1
45.0 68.4 - -0.26254772 EO -0.88822925 EO 0.24562602 EOQ 25
-0.25549497 EO -0.88905191 EO 0.24948641 EO
(3) 68.4 111.6 NO DATA NO DATA NO DATA 25
0.84194416 E-1 -0.86372645 EO 0.40548748 EO




Table 31. Results of Double R-Iteration PODM for 0SO-III (Cont'd)
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True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
Angular Difference Reference Orbit Reference Orbit Reference Orbit Number
?1 - —Y‘>2 ?3 > ?1 ‘ X Dot at T2 Y Dot at T2 Z Dot at T2 of
T.e., vy = vg i.e., V3 = V1 j Iterations
(Degrees) (Degrees) (CUL/CUT) (CuL/cuT) (CuL/cuUT)
3.8 “ 360.0 -0.15743479 EO | -0.13771405 EO ., -0.21949831 EO 25
| -0.70685743 EO 0.40013314 EO -0.51534094 EO
45.6 360.0 | NO DATA NO DATA NO DATA 25
" -0.87135390 EO -0.23408489 EO -0.32909258 EO

3

(1) Computer halted after twenty-fifth iteration
(2) Computer halted after twenty-fifth iteration
(3) Computer halted after twenty-fifth iteration
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Table 32. Results of Double R-Iteration PODM for Relay-I1I
True Anomaly Computed 2(__0__ Computed Y Dot Computed Z Dot
Angu]ar‘ D1fference Reference Orbi Reference Orbit Reference Orbit Number
F1 > o F3 > ¥ X Dot at T» Y Dot at T, Z Dot at Ty of
i, vy = v iel, vg - v Iterations
(Degrees) (Degrées) (CuL/CUT) (CUL/CUT) (CUL/CUT)
(1) 2.5 5.0 NO DATA NO DATA NO DATA 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 10.0 -0.91421077 EO . 0.28383640 E1 -0.67260774 E-1 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 21.0 -0.27019848 EQ -0.45272405 EOQ 0.46024761 EO 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
(2) 5.0 21.0 NO DATA NO DATA NO DATA 25
-0.63983417 EO -0.77927626 E-1 0.59099381 EO
(3) 10.0 21.0 NO DATA NO DATA NO DATA 25
-0.60637538 EO -0.13383906 EO 0.59694559 EO
(4) 20.0 32.0 NO DATA NO DATA NO DATA 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
20.0 45.0 0.66520513 E-1 0.52704750 E-1 0.58966469 EO 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
20.0 65.0 0.37515994 E-1 0.50194898 E-1 0.43918827 EO 25
-0.22604802 E . -0.49460573 EO 0.49560149 EO
(5) 32.0 45.0 NO DATA NO DATA NO DATA 25
-0.11873926 EO ~0.54226741 EO 0.43373466 EO
(6) 45.0 65.0 NO DATA NO DATA NO DATA 25

0.37767977 EO




902

Table 32.

Results of Double R-Iteration PODM for Relay-II (Cont'd)

True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
Angu]ar D1fference Reference Orbit Reference Orbit Reference Orbit Number
[T ¥y > ¥ X Dot at T, Y Dot at T, Z Dot at T, of
i.e.s vp = v i.el, Vo= vy | Iterations
(Degrees) (Degrées) (cuL/cum) 1 (CuL/cuT) {cuL/CuT) !
2.5 1 360.0 -0.52220508 E-1 { -0.34564548 EQ 0.22778349 E-1 i 25
! -0.65562172 E0 ' -0.48674037 E-1 0.58641873 EO
(7) 21.0 b 360.0 NO DATA NO DATA NO DATA 25
! : -0.53391142 EO -0.23461233 EO ; 0.59733711 EO
60.0 | 360.0 0.41528271 E-2 -0.38793737 E . -0.12068895 E:l_ i 25
\ -0.22604802 EQ -0.49460573 EO L 0.49560149 0 i
(1) Computer halted after twenty-fifth iteration
(2) Computer halted after twenty-fifth iteration
(3) Computer halted after twenty-fifth iteration
(4) Computer halted after twenty-fifth iteration
(5) Computer halted after twenty-fifth iteration
(6) Computer halted after twenty-fifth iteration
(7) Computer halted after twenty-fifth iteration
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Table 33. Results of Modified Laplacian PODM for 0SO-III
True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
ﬁngu]ar Differgnce Reference Orbit Reference Orbit | Reference Orbit Number
r| > Fo T3 > Ty X Dot at Ty Y Dot at T, Z Dot at T, of
i.e., vp = Vg i.e., Vg =V Iterations
(Degrees) (Degrées) (cUL/CUT) {(CUL/CUT) (cuL/CuT)
3.8 11.4 -0.71593645 EO 0.48563242 EO -0.62694617 EO 5
-0.70685743 EO 0.40013314 EO -0.51534094 EO
3.8 22.8 -0.69978116 EQ 0.52655320 EO -0.67720686 EO 5
-0.70685743 EO 0.40013314 EO ~0.51534094 EO
3.8 45.6 -0.69070303 EO 0.54224031 EO -0.68928764 EO 5
-0.70685743 EO 0.40013314 EO -0.51534094 EO
11.4 45.6 -0.10306731 E1 0.50739234 EO -0.71356305 EO 5
-0.76862972 EQ 0.29068616 EO -0.49963709 EQ
22.8 45.6 -0.11293956 E1 0.28689117 EO -0.47564288 EO 5
-0.83592404 EO 0.T1781151 EO -0.45992297 E0
22.8 45.6 -0.13744573 EO -0.23924188 EO 0.38397540 E-1 5
-0.55646495 EO -0.77864062 EQ 0.55149247 E-1
22.8 68.4 -0.22370122 EO -0.41542275 EQ 0.10946262 EO 5
-0.55646495 EO -0.77864062 EQ 0.55149247 E-1
22.8 111.6 -0.14220677 EO -0.26481078 EQ 0.47927197 E-1 6
-0.55646495 EO -0.77864062 EQ 0.55149247 E-1
45.0 68.4 -0.32805748 E-1 -0.82710003 EO 0.49787300 EO 8
-0.25549497 E -0.88905191 EO 0.24948641 EO
68.4 111.6 0.96889297 E-2 0.34904833 EO -0.25621297 EQ 25
0.84194416 E-1 -0.86372645 EO 0.40548748 EO
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Table 33.

Results of Modified Laplacian PODM for 0SO-IIT (Cont'd)

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

Angular Difference Reference Orbit Reference Orbit Reference Orbit. Number
¥ > 7 > X Dot at T Y Dot at T, Z Dot at Ty of
i.e.,vp =V i.e., v, - Vi a Iterations

(Degrees) (Degrées) (CUL/CUT) ‘ (cuL/cuT) (CuL/CuT)
3.8 360.0 -0.68062580 EO 0.5495026 EO ~0.69971598 EO 5
-0.70685743 EO 0.40013314 EO -0.51534094 EO
45.6 360.0 -0.13166452 E1 0.60437789 E-1 -0.49458454 EQ 5

-0.87135390 EO

-0.23408489 EO

-0.32909258 EO
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Table 34. Results of Modified Laplacian PODM for Relay-II
True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
AnguTar Difference Reference Orbit Reference Orbit Reference Orbit Number
Fi> ¥ Fa > ¥ X Dot at T Y Dot at T Z Dot at T of
o1 2 .3 1 2 2 2 ;
i.e.,v2 - v; i.e., Va'- vy Iterations
(Degrees) - (Degrees) (cuL/cuT) (cuL/cuT) (cuL/cuT)
2.5 5.0 -0.65588544 EQ -0.49754409 E-1 0.58705798 EO 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 10.0 -0.65668485 EQ -0.51458662 E-1 0.58841259 EO 25
-0.65562172 EO -0.48674037 E-1 0.58641873 tO
2.5 21.0 -0.65795561 EO -0.52382219 E-1 0.58982847 EO 13
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
5.0 21.0 -0.64295328 EO -0.84693810 E-1 0.59620329 EO 13
-0.63983417 EO -0.77927626 E-1 0.59099381 EO
10.0 21.0 -0.60804220 EO -0.14289316 EO 0.60159792 EO 12
-0.60637538 EO -0.13383906 EO 0.59694559 EO
20.0 32.0 -0.20757021 EO 0.10461109 E1 -0.77340509 EO 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
20.0 45.0 -0.16278096 EO 0.10200810 E1 -0.78809914 EO 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
20.0 65.0 -0.10887273 EQ 0.99482536 EO -0.81125674 EO 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
32.0 45.0 -0.53087633 EQ 0.87105242 EO -0.37080802 EO 25
-0.11873926 EO -0.54226741 EO 0.43373466 EO
) 45.0 65.0 -0.42783549 EO 0.25999349 EO 0.37270621 E-1 6
-0.35627838 E-1 -0.56593395 EO 0.37767977 EO
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Table 34.

Results of Modified Laplacian PODM for Relay-II (Cont'd)

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

Angular Difference Reference Orbit | Reference Orbit | Reference Orbit Number
?‘)1 - ?2 ?‘)3 > 7 X Dot at T2 Y Dot at T2 Z Dot at TZ of
i.e., vy = v je., Vo= v Iterations

(Degrees) (Degrees) (cuL/cuT) {cuL/cuT) (CUL/CUT)
2.5 360.0 -0.65095335 EO -0.19624521 E-1 ~ 0.56898767 EQ 11
] -0.65562172 EOQ -0.48674037 E-1 = 0.58641873 EO
21.0 360.0 -0.63087748 EO 0.44128080 E-1  0.58437370 EQ 25
-0.53391142 EO -0.23461233 EO 0.59733711 EO
60.0 360.0 0.20119010 EO 0.45091972 EO -0.38224743 EO 25

-0.22604802 EO

-0.49460573 E

o

0.49560149 EO
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Table 35.

Results of R-Iteration PODM for 0SO-111

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

AnguTar | Difference Reference Orbit Reference Orbit Reference Orbit Number
¥ > Fo F3 > ¥ X Dot at T, Y Dot at T, Z Dot at Ty of
i, Vo -V i.e., v3 - vy | Iterations

(Degrees) (Degrees) (cuL/cuT) {cuL/cuT) (cuL/cuT)
3.8 11.4 -0.67303769 EC 0.47295788 EQ -0.61114236 EO 7
-0.70685743 EO 0.40013314 EO -0.51534094 EO
3.8 22.8 -0.68262750 EQ 0.52046653 EQ -0.66963444 EQ 7
-0.70685743 EO 0.40013314 EO -0.51534094 EO
3.8 45.6 -0.72791534 EQ 0.55636971 EO -0.70650216 EQ 10
-0.70685743 EO 0.40013314 EO -0.51534094 EO
11.4 45.6 -0.78954637 EO 0.47857224 EO -0.67776446 EO 10
-0.76862972 EO 0.29068616 EO -0.49963709 EO
(1) 22.8 45.6 NO DATA NO DATA NO DATA N
' -0.83592404 EO 0.11781151 EO -0.45992297 EO DATA
22.8 45.6 -0.94933236 EQO -0.11649079 E1 0.20859521 E1 13
-0.55646495 EO -0.77864062 EO 0.55149247 E-1
22.8 68.4 -0.50000178 EO -0.84474399 EO 0.59120426 EQ 17
-0.55646495 EO -0.77864062 EO 0.55149247 E-1
22.8 111.6 -0.45529692 EQ -0.68089611 EQ 0.83025921 EO 25
-0.55646495 EO -0.77864062 EOQ 0.55149247 E-1
45.0 68.4 -0.30194235 E-1 -0.87126672 EO 0.53275537 EO 6
-0.25549497 EO -0.88905191 EO 0.24948641 EO
68.4 111.6 -0.67218747 E-1 0.43304281 E-3 -0.13491177 EO 5
0.84194416 E- -0.86372645 EO 0.40548748 EO
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Table 35.

Results of R-Iteration PODM for 0SO-III (Cont'd)

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

Angular Difference Reference Orbit | Reference Orbit | .Reference Orbit Number
v P, > ¥ X Dot at T, Y Dot at T, Z Dot at T, of
e ;v = v i.ev, v3- v Iterations
(Degrees) (Degrees) (cuL/cuT) {CuL/CcuT) {cuL/cuT)
3.8 360.0 0.10841023 E1 -0.14663795 EO 0.15214168 EO 25
-0.70685743 EOQ 0.40013314 EO -0.51534094 EO
45.6 360.0 0.26869148 E1 0.61834314 EO -0.45069544 EO 25

J

-0.87135390 EO

J

-0.23408489 EO

-0.32909258 EO

(1) Computer halt prior to iteration loop
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Table 36.

Results of R-Iteration PODM for Relay-II

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

AnguTar Difference Reference Orbit | Reference Orbit  Reference Orbit Number
PO o> ¥ X Dot at T Y Dot at T Z Dot at T of
. 1 2 .3 1 2 ? 2 .
8.y Vo =V i.ely v3'- v Iterations
(Degrees) (Degrees) (cuL/CUT) (cuL/cuT) {cuL/cuT)
2.5 5.0 -0.65536606 EO -0.49981041 E-1 0.58661809 EO 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 10.0 -0.65496732 EQ -0.52202059 E-1 0.58695597 EQ 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
2.5 21.0 -0.65354322 EO -0.54280921 E-1 0.58608381 EO 25
-0.65562172 EO -0.48674037 E-1 0.58641873 EO
5.0 21.0 -0.63575963 EQ -0.86952051 E-1 0.58974413 EQ 25
-0.63983417 EO -0.77927626 E-1 0.59099381 EO
10.0 21.0 -0.60023973 EO -0.14346819 EO 0.59381180 EO 25
-0.60637538 EO -0.13383906 EO 0.59694559 EO
20.0 32.0 -0.24804671 EO -0.23651090 EO 0.30288142 EO 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
20.0 45.0 -0.25742519 EQ -0.20546412 EQ 0.28512663 EQ 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
20.0 65.0 -0.14597404 EQ 0.71919810 EO -0,55706753 EO 25
-0.22604802 EO -0.49460573 EO 0.49560149 EO
32.0 45.0 -0.42319203 EO 0.46893844 EO -0.13421643 EQ 25
-0.11873926 EO -0.54226741 EO 0.43373466 EO
45.0 65.0 -0.52868635 EO 0.50775696 EQ -0.78652931 E-1 25
-0.35627838 E-1 -0.56593395 EO 0.37767977 EO




Table 36. Results of R-Iteration PODM for Relay-II (Cont'd)

14%4

True Anomaly Computed X Dot Computed Y Dot Computed Z Dot
Angular Difference Reference Orbit Reference Orbit Reference Orbit Number
P ¥ ¥y > ¥ X Dot at T, Y Dot at T, Z Dot at T of
. . 2 .
T.e.y v, = vy P85 vaTm vy Iterations
(Degrees) (Degrees) (CuL/CUT) (cuL/cuT) ; (cuL/cuT)
2.5 ‘ 360.0 . -0.19164933 E-1 -0.33057738 EO ' 0.49087828 E-1 25
i ~ -0.65562172 E0  + -0.48674037 E-1 0.58641873 EO
21.0 ’ 360.0 ? 0.80376633 EO | -0.61899776 E-1 : -0.84950024 EO 25
: ' -0.53391142 €0 | -0.23461233 EO - 0.59733711 EO |
60.0 360.0 - -0.17054887 E1 | -0.11853038 E1 |, 0.23051794 E1 11
i - -0.22604802 EO -0.49460573 EO % 0.49560149 EO




Table 37. Results of Herrick-Gibbs PODM for 0SO-III

11 84

True Anomaly Computed X Dot | Computed Y Dot ' Computed Z Dot
Angular Difference Reference Orbit Reference Orbit Reference Orbit Number
P Fa > ¥ X Dotat T Y Dot at T ZDotatT of
.1 2 3 1 2 2 2 .
i.e.,v2 - v i.el, v3= v1 Iterations
(Degrees) (Degrees) (CuL/CcUT) (CuL/CcuT) (cuL/cuT)
3.8 11.4 -0.70645695 EQ 0.40020864 EO -0.51517444 EQ N/A
-0.70685743 EO 0.40013314 EO -0.51534094 EO
|
3.8 22.8 '+ -0.70643282 EO 0.40017858 EO -0.51514648 EO N/A
-0.70685743 EO 0.40013314 EO -0.51534094 EO
3.8 45.6 -0.70629247 EQ 0.40012606 EO -0.51504945 EQ N/A
-0.70685743 EO 0.40013314 EO -0.51534094 EO
11.4 45.6 -0.76818828 EO 0.29083187 EO -0.49945671 EO N/A
-0.76862972 EO 0.29068616 EO -0.49963709 EO
22.8 45.6 -0.83577205 EOQ 0.11803920 EO -0.45991218 EO N/A
-0.83592404 EO 0.11781151 EO -0.45992297 EO
22.8 45.6 -0.31078045 E-2  -0.17694896 E-1 0.73806815 E-1 N/A
-0.55646495 E -0.77864062 E O 0.55149247 E-1
22.8 68.4 -0.55558350 EO -0.77687066 EO 0.14025474 E1 N/A
-0.55646495 EO -0.77864062 EO 0.55149247 E-1
22.8 111.6 -0.55417017 EO -0.76854725 EQ 0.21244346 E1 N/A
. -0.55646495 EO -0.77864062 EO 0.55149247 E-1
45.0 68.4 -0.25473601 EQ -0.88721359 EO 0.24905497 EO N/A
-0.25549497 EO -0.88905191 EO 0.24948641 EO
68.4 111.6 0.85339904 E-1 | -0.84943977 EO 0.39986042 EO N/A
0.84194476 E-1 | -0.86372645 EO 0.40548748 EO
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Table 37.

Results of Herrick-Gibbs PODM for 0SO-III (Cont'd)

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

AnguTagr Difference Reference Orbit | Reference Orbit | Reference Orbit Number
ry >y r3 > rq X Dot at Ty Y Dot at Tp Z Dot at Tp of
T.e., v - vy ie., va = v [terations

(Degrees) (Degrees) (cuL/CuT) (CUL/CUT) (CUL/CUT)
3.8 ! 360.0 -0.70521277 EQ 0.43640725 EO -0.52981753 EO N/A
-0.70685743 EO 0.40013314 EO -0.51534094 EO
45.6 360.0 -0.95443170 EQ 0.13423173 EC -0.52536724 EQ N/A
-0.87135390 EO -0.23408489 EO -0.32909258 EO
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Table 38.

Results of Herrick-Gibbs PODM for Relay-II

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

Angular " Difference Reference Orbit Reference Orbit Reference Orbit Number
F ¥ i P> ¥ X Dot at T Y Dot at T Z Dot at T of
. 2 .3 1 2 2 2 .
i.e., vy - v 1.5 vy = v Iterations

(Degrees) (Degrées) (CUL/CUT) (CUL/CUT) (CUL/CUT) (1)

2.5 5.0 -0.65566707 EO -0.48663300 E-1 0.58645073 EO N/A
-0.65562172 EO -0.48674037 E-1 0.58641873 E0

2.5 10.0 -0.65584596 EO -0.48675139 E-1 0.58660992 EQ N/A
-0.65562172 EO -0.48674037 E-1 0.58641873 EO

2.5 21.0 -0.65589575 EO -0.48662218 E-1 0.58664349 EO N/A
-0.65562172 EO -0.48674037 E- 0.58641873 EO

5.0 21.0 -0.63986719 EQ -0.77898726 E-1 0.59100122 EO N/A
-0.63983417 EO -0.77927626 E-1 0.59099381 EO

10.0 21.0 -0.60637559 EC -0,13375122 EO 0.59691250 EO N/A
-0.60637538 EO -0.13383906 EQ 0.59694559 EO

20.0 32.0 -0.22612738 EQ -0.49459717 EO 0.49566263 EO N/A
-0.22604802 EO -0.49460573 EO 0.49560149 EO

20.0 45.0 -0.22626938 EO -0.49464458 EQ 0.49581165 EQ N/A
-0.22604802 EO -0.49460573 EO 0.49560149 EO

20.0 65.0 -0.22663254 EQ -0.49481561 EO 0.49622461 EO N/A
-0.22604802 EO -0.49460573 EO 0.49560149 EO

32.0 45.0 -0.11888973 EO -0.54230026 EO 0.43388195 EO N/A
-0.11873926 EO -0.54226741 EO 0.43373466 EO

45.0 65.0 -0.36077449 EQ -0.56616147 EO 0.37820133 EO N/A
-0.35627838 E-1 9.56593395 EO 0.37767977 EO
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Table 38.

Results of Herrick-Gibbs PODM for Relay-II (Cont'd)

True Anomaly

Computed X Dot

Computed Y Dot

Computed Z Dot

Angular Difference Reference Orbit | Reference Orbit Reference Orbit Number
F1 > ¥ ¥y > ¥y X Dot at T, Y Dot at T, Z Dot at Ty of
i.e., vy -V ieo, v3i-v Iterations

(Degrees) (Degreées) (cuL/cuT) (cuL/cuT) (CuL/CUT)
2.5 360.0 -0.67240405 EO | -0.46594379 E-1 | 0.59939317 EQ N/A
-0.65562172 EO -0.48674037 E- 0.58641873 EO
21.0 360.0 -0.64066348 EO -0.23290743 EO 0.68697493 EO N/A
-0.53391142 EO -0.23461233 EO 0.59733711 EO
60.0 360.0 -0.43829390 EO -0.50943763 EO 0.68517316 EO N/A
-0.22604802 EO -0.49460573 EO 0.49560149 EO

(1) No iteration Toop exists
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Table 39. Computation Results from Trilateration PODM

Parameter 0S0-II1 RELAY-II
Computed X-Dot -0.77396768 EQ -0.65232511 E-1
Reference Orbit X-Dot -0.77289578 EO -0.35627838 E-1
Computed Y-Dot -0.53944807 EO -0.58262553 EQ
Reference Orbit Y-Dot -0.54884506 EO -0.56593395 EQ
Computed Z-Dot -0.13339736 EQ 0.36304436 EQ
Reference Orbit Z-Dot -0.14805021 EO 0.37767977 EO
Computed Semimajor Axis 0.10715168 E1 0.17798733 E1
Reference Orbit Semimajor Axis 0.10866609 E1 0.17448736 E1
Computed Eccentricity 0.13944822 E-1 0.24677798 EQ
Reference Orbit Eccentricity 0.21640595 E-2 0.24114781 EO
Computed Longitude of Ascending Node -0.23098294 E1 0.21387843 E1
Reference Orbit Longitude of Ascending Node -0.22460589 E1 0.22064792 E1
Computed Orbit Inclination 0.56873906 EQ 0.77806829 EO
Reference Orbit Orbit Inclination 0.57356194 EO 0.80848228 EO
Computed Argument of Perigee -0.48379221 E1 -0.11822875 E1
Reference Orbit Argument of Perigee -0.34856807 E1 -0.13234053 E1
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Table 40.

Angles Only and Mixed Data PODM Classical Orbital Element Comparisons - Semimajor Axis

True Anamoly Method .
— — ~ - of Double-R Modified
) ry > r3 Gauss Laplace Iteration LapTacian R-Iteration Herrick-Gibbs
fe., vy, = vy V3 - Vi (AngTes (Angles (Angles (Mixed (M9 xed (Mixed
(Degrees) (Degrees) | Only) | Only) Only) Data) Data) Data)
|
"Nominal semimajor axis from reference orbit (Earth Radii)
. 1.0866609 for 050-11T
3.8 11.4 1.0933545 No Data 0.56680724  1.4565199 1.2706987 1.0862822
3.8 22.8 1.0870821 No Data 0.76012870 1.6411056 1.5309293 1.0861796
3.8 45.6 1.0862247 No Data 0.77258918 | 1.6740630 2.0096861 1.0857783
11.4 45.6 1.0849989 No Data No Data v 3.4415947 1.6797845 1.0861159
22.8 45.6 1.0900871 2.9676586 | 1.0212752 3.2250214 No Data 1.0866567
22.8 45.6 No Data No Data No Data 0.49742429 No Data 0.54530960
22.8 68.4 No Data No Data No Data 0.51325886 1.0992819 No Data
22.8 111.6 No Data No Data 0.51375022 0.49432114 1.1398184 No Data
45.0 68.4 1.0820681 No Data 1.0864170 2.1854150 3.1140459 1.0818763
68.4 111.6 0.89356833; 0.74728463 No Data 0.34190386 0.21995489 1.0537560
3.8 360.0 No Data No Data 1.7849894 1.6703803 1.0261115 1.1405874
45.6 360.0 No Data | No Data No Data 1.6933086 No Data 1.5681016
Nominal semimajor axis from reference orbit (Earth Radii)
1.7448736 for RELAY-IT
' 2.5 5.0 1.7408033 2.6172861 No Data 1.7526733 1.7476601 1.7459612
2.5 10.0 1.7453902 No Data No Data 1.7699487 1.7531379 1.7472501
2.5 21.0 1.7468151 No Data 0.88413473 1.8025055 1.7583358 1.7475660
5.0 21.0 1.7460754 No Data No Data 1.8410649 1.7669713 1.7458116
10.0 i 21.0 1.7459635 i No Data No Data 1.8560241 1.7725920 1.7454941
20.0 ‘ 32.0 11.7453169 ¢ 1.7139800 No Data 1.6332744 | 0.83095475 1.7452667
20.0 45.0 1.7457094 1.4443873 0.56058119 1.5308440 0.79084692 1.7460556
20.0 65.0 1.7477173 0.52260853 0.51562444 1.4267193 0.27337010 1.7483249
32.0 45.0  1.7453685 No Data No Data 1.3976667 0.30390446 1.7454417
45.0 65.0 ‘No Data 0.69717653 No Data 0.36436660 0.62453156 1.7468162
2.5 360.0 No Data No Data 3.7080780 1.6919533 0.51226546 1.8678605
21.0 360.0 No Data No Data No Data ''2.1014806 0.50041346 3.0014965
60.0 360.0 No Data | No Data . 0.60708685 | 0.60224454 ' No Data 5.1725237
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Table 41. Angles Only and Mixed Data PODM Classical Orbital Element Comparisons - Eccentricity
True Anamoly Method
— — — — of DoubTle-R Modified
r>r r >r Gauss Laplace Iteration Laplacian R-Iteration Herrick-Gibbs
d.e., Vp -V vy =V (Angles (Angles (Angles (Mixed (Mixed (Mixed
(Degrees) (Degrees) Only) Only) Only) Data) Data) Data)
Nominal eccentricity from reference orbit
0.0021640595 for 0S0-II1
3.8 11.4 0.0090209644 | No Data 0.99587324 |0.26042608 0.16855448 0.0025816264
3.8 22.8 0.0031179903 | No Data 0.32552456 |0.35348243 0.31165306 0.0024932554
3.8 45.6 0.0023833076 | No Data 0.96217539 |0.37236123 0.47077550 0.0022031445
11.4 45.6 0.0016172480 | No Data No Data 0.96888166 0.38658497 0.0024264521
22.8 45.6 0.52162234 0.62995502 | 0.0059085738|0.67259723 No Data 0.0027043814
22.8 45.6 No Data No- Data No Data 0.92938662 No Data 0.99497186
22.8 68.4 No Data No Data No Data 0.79069600 0.25253568 No Data
22.8 111.6 No Data No Data 0.92855803 |0.91547050 0.29056091 No Data
45.0 £8.4 0.0054796699 | No Data 0.0097580110/0.44034632 0.58784565 0.0056700754
68.4 111.6 0.33483581 0.65056730 | No Data 0.91258559 0.99088686 0.032882344
3.8 360.0 No Data No Data 0.97721692 |0.37632616 0.45937567 0.060286596
45.6 360.0 No Data No Data No Data 0.94214231 No Data 0.47958596
Nominal eccentricity from reference orbit
0.24114781 for RELAY-IT
2.5 5.0 0.23998301 0.42608590 | No Data 0.24135718 0.24000998 0.24112274
2.5 10.0 0.24170341  No Data No Data 0.24305787 0.23847364 0.24150217
2.5 21.0 0.24191983  No Data 0.54264214 10.24721999 0.23499117 0.24161043
5.0 21.0 0.24134923 | No Data No Data 0.25052518 0.233033181 0.24107510
10.0 21.0 0.24138999 | No Data No Data 0.24819047 0.22726255 0.24096353
20.0 32.0 0.24083358 | 0.29548092 | No Data 0.48116751 0.77573682 0.24069890
20.0 45.0 0.24088657 | 0.12926246 | 0.75155324 |0.44973306 0.81512154 0.24080103
20.0 65.0 0.24095068 | 0.94594361 | 0.85163884 {0.42517904 0.65480736 0.24102223
32.0 45.0 0.24043689 | No Data No Data 0.31354452 0.86390255 0.24071615
45.0 65.0 No Data 0.37710462 | No Data 0.90172398 0.57811616 0.24076141
2.5 360.0 No Data No Data 0.98480947 |0.24716890 0.92494449 0.28042783
21.0 360.0 No Data No Data No Data 0.56096324 0.38796165 0.52988183
60.0 360.0 No Data No Data 0.99870767 [0.87779807 No Data 0.73185317
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Table 42.

Angles Only and Mixed Data PODM Classical Orbital Element Comparisons -
Longitude of Ascending Node

Method
True Anamoly of Double-R | Modified
¥l > ¥ F1 > 3 Gauss Laplace Iteration Laplacian R-Iteration Herrick-Gibbs
j.e., Vo -V v3 - v (Angles (Angles (Angles (Mixed (Mixed (Mixed
(Degrees) {Degrees) Only) Only) Only) . Data) , Data) Data)
| I
Nominal longitude of ascending node from reference orbit
-2.2860589 (radians) for 0SO-1IT
3.8 11.4 -2.2773522 No Data 1.0126258 | -2.2767968 -2.2666136 -2.2786146 |
3.8 22.8 -2.2784461 No Data -2.1376049 | -2.2636157 -2.2599112 -2.2786155
3.8 45.6 -2.2785933 No Data -2.3031889 | -2.2554272 -2.2630652 -2.2786171
11.4 45.6 -2.2784670 | No Data No Data -2.2697945 -2.2035252 -2.2786425
22.8 45.6 -2.2800338 | -2.3766156 | -2.2481640 | -2.3692610 No Data -2.2787244
22.8 45.6 No Data ~ No Data No Data -2.4006765 No Data 2.4262738
22.8 68.4 No Data No Data . No Data -2.7372935 2.5108421 No Data
22.8 111.6 No Data No Data ' -0.67519090 | -2.4489075 2.6737071 No Data
45.0 68.4 -2.2814877  No Data -2.2814843  -2.3155691 -2.3114001 -2.2814521
68.4 111.6 ' -2.2632779 -2.2944144 No Data 1.7764004 2.7874679 -2.2818564
3.8 360.0 No Data No Data -2.0361503  -2.2460081 2.1237891 -2.2786043
45.6 360.0 No Data No Data No Data 1 -2.3291864 No Data -2.2781742
“Nominal Tongitude of ascending node from reference orbit
2.2064792 {radians) for RELAY-IT
2.5 5.0 2.1974520 2.1681778 No Data 2.1969734 2.1971352 2.1972214
2.5 10.0 2.1971107 No Data No Data 2.1962855 2.1968205 2.1972214
2.5 21.0 2.1971102 No Data 2.4010042 2.194417 2.1958196 2.1972216
5.0 21.0 2.1971711 No Data No Data 2.1921265 2.1943008 2.1972206
10.0 21.0 2.1971844 No Data No Data 2.1898849 2.1921711 2.1972193
20.0 32.0 | 2.1972313 2.3980710 No Data 2.9387537 2.0552814 2.1971611
20.0 45,0 + 2.1972194 2.2414262 2.4642598 2.9469973 2.0235991 2.1971607
20.0 65.0 2.1971614 1.8753231 2.4657669 2.9636265 -2.6702419 2.1971604
32.0 45.0 2.1971293 No Data No Data 2.7068033 -2.6797294 2.1971086
45.0 65.0 No Data 2.1694441 © No Data 2.2536846 2.5808903 2.1970559
2.5 360.0 No Data No Data + -3.0040220 2.1933827 2.3263347 2.1972200
21.0 360.0 i No Data No Data No Data 2.1855524 0.58183673 2.1972238
60.0 360.0 No Data No Data

No Data

©-0.19772600
i Ji

0.97178151

2.1973668
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Table 43.

Angles Only and

Mixed Data PODM Classical

Argument of Perigee

Orbital Element Comparisons -

True Anamoly Method .
- - - ~ of Double-R Modified
r|y+ro ry > rs Gauss Laplace Iteration LapTacian R-Iteration Rerrick-Gibbs
i.e., vp - vp v3 - V] (Angles (Angles (Angles (Mixed (Mixed (Mixed
(Degrees) (Degrees) Only) Only) Only) Data) Data) Data)
'Nominal argument of perigee from reference orbit
-3.4856807 (radians) for 0SO-ITT
3.8 11.4 -3.0968797 , No Data -3.1814587 | -3.3619857 -3.6361456 -3.5210052
3.8 22.8 ' -3.2650512 1 No Data -5.2972215 | -3.4415148 -3.5098716 -3.5352457
3.8 45.6 -3.3949683 ; No Data -0.21050044 | -3.4828409 -3.3734575 -3.6330051
11.4 45.6 -3.8062089 No Data No Data -3.0101077 -3.3281029 -3.5415507
22.8 45.6 -2.9632696 | -2.6250891 | -5.5696599 | -2.6373267 No Data -3.3808190
22.8 45.6 No Data No Data No Data -4.1367965 No Data -2.5557482
22.8 68.4 No Data No Data No Data -3.8143743 -0.70287052 No Data
22.8 111.6 No Data No Data -0.41738087 | -4.0967220 -0.84080418 No Data
45.0 68.4 -3.9403840 No Data -2.7746583 | -2.0454965 -1.8559031 -4.0303982
68.4 111.6 -3.4096793 | -3.5488346 No Data -5.8607012 -5.5550579 -3.7467118
3.8 360.0 No Data No Data -0.48393262 | -3.5159384 -0.67183791 -3.6142215
45.6 360.0 No Data No Data No Data -2.5321856 No Data -3.5871972
Nominal argument of perigee from reference orbit
-1.3234053 (radians) for RELAY-TI
.
2.5 5.0 -1.3233052 t -0.77865676! No Data -1.2977156 -1.3042309 -1.3119424
2.5 10.0 -1.3168437 | No Data No Data -1.2662402 -1.2874691 -1.3099387
2.5 21.0 -1.3133931 No Data -2.9812441  -1.2194290 -1.2728954 -1.3095217
5.0 21.0 -1.3125766 No Data No Data -1.1592059 -1.2493791 -1.3121522
10.0 21.0 -1.3129503 No Data No Data -1.1343231 -1.2468223 -1.3125518
20.0 32.0 -1.3120577 | -1.0566229 No Data -2.9431307 -2.3016439 -1.3121980
20.0 45.0 -1.3110767 | -2.3886245 | -3.4087926 | -3.0704280 -2.2983913 -1.3104178
20.0 65.0 -1.3063930 | -4.0643189 | -3.5001147 | -3.2495198 -6.0954398 -1.3052735
32.0 45.0 -1.3117088 No Data No Data -2.9471956 -5.2429044 -1.3116275
45.0 65.0 No Data -2.4620371 No Data -3.5935690 -4.2994821 -1.3078684
2.5 360.0 No Data No Data -4.6937989 | -1.5240942 -2.9165604 -1.1712039
21.0 360.0 No Data No Data No Data -1.7190749 -5.3109605 -0.72101312
60.0 360.0 No Data No Data -0.35315446 | -4.2662515 No Data -0.47568945
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Table 44.

Orbit Inclination

Angles Only and Mixed Data PODM Classical Qrbital Element Comparisons -

Method
_ True Anamoly of Double-R | Modified ' .
ry - 1 ry - 3 Gauss Laplace Iteration Laplacian R-Itgrat1on Herrick-Gibbs
i.e.,vp = vy vy =V (Angles (Angles . (Angles (Mixed (Mixed (Mixed
(Degrees) (Degrees) Only) | Only) | Only) Data) Data) Data)
Nominal orbital inclination from reference orbit
,0.57356194 (radians) for 0SO-IIT
3.8 11.4 0.57979070 No Data 1.1021145 0.62999778 0.64063228 0.57385747
3.8 22.8 0.57467945 No Data 1.4583617 0.65878711 0.66282570 0.57385448
3.8 45.6 0.57405038 No Data 2.0592190 0.66558984 0.65726740 0.57384928
11.4 45.6 0.57440879 | No Data | No Data 0.56910681 0.63508759 0.57380134
' 22.8 45.6 0.57212004 | 0.47891522  0.61416430 | 0.44646964 No Data 0.57370990
22.8 45.6 No Data No Data No Data i 0.42986477 No Data 1.3651483
22.8 68.4 No Data No Data No Data 0.35649591 0.54414129 No Data
22.8 111.6 No Data . No Data 1.9260220 ; 0.40124284 0.79586700 No Data
45.0 68.4 0.57331131 | No Data  0.57328656 . 0.74807940 0.75551440 0.57338118
68.4 111.6 0.58915829 ; 0.64790733 . No Data 1.2654971 1.7389577 0.57351640
3.8 360.0 No Data | No Data 1.2257388 0.67468083 2.9635559 0.57389136
45.6 360.0 1 No Data | No Data . No Data 0.46035030 No Data 0.57389401
Nominal orbital inclination from reference orbit
0.80848228 (radians) for RELAY-IT
| 2.5 5.0 0.80728742 | 0.74777617 No Data 0.80844311 0.80837493 0.80873040 .
; 2.5 10.0 0.80883062 No Data No Data 0.80791993 0.80769499 0.80873045
2.5 21.0 0.80897325 No Data 0.72791660 | 0.80716883 0.80659368 0.80872986
5.0 21.0 0.80894600 No Data No Data 0.80603485 0.80514310 0.80873331
10.0 21.0 0.80901589 No Data | No Data 0.80530187 0.80448760 0.80873922
20.0 32.0 0.80869180 - 0.94644204 ° No Data  0.66670269 0.74309483 0.80864734
20.0 45.0 0.80866257 (0.77927170 1.7102357 0.68262804 0.72570899 0.80864684
20.0 65.0 0.80859972  1.9870953 1.7124440 0.70170114 0.66729803 0.80864661
32.0 45.0 0.80862534 No Data No Data 0.57966024 0.21713257 0.80860271
45.0 65.0 . No Data 0.97979288 No Data 0.21852801 0.48607085 0.80856940
2.5 360.0 No Data No Data 0.067846464 0.81129006 0.20124354 0.80873516
21.0 360.0 ' No Data ~ No Data No Data  0.87233394 0.10445771 0.80879221
60.0 360.0 | No Data i No Data 0.31354446  1.7972711 No Data 0.80885823

No data indicates program failed in computing these values.

—




Table 45. Average Number of Iterations Using Both
0SO-III and Relay-II Orbit Results

PODM
Method of Gauss
Laplace
Double R-Iteration
Modified Laplacian
R~-Iteration
Herrick-Gibbs
Trilateration

*Two Iteration loops

Table 46.

Number of Iterations

19/11*

25

25

14

18

Not applicable

Not applicable

Best Overall Results for

Radius Vector Spread to 360°

Radius Vector Spread
65° < v < 360°

30° < v < 65°

v < 30°

Undetermined

PODM

Herrick—Gibbs
Method of Gauss
Modified Laplacian
R-Iteration

Double R-Iteration

Laplace




PODM

Computation Time

Herriék-éibbs
Modified Laplacian
Method of Gauss
R-Iteration

Double R-Iteration
Laplace

Trilaterations

1
2-3
7
6
4-5
4-5
2-3

Table 47. Considerations for Selecting Optimum PODM

Best Overall

Ease of
Convergence Accuracy

N/A 1

1 3

3 2

2 4

4-5 5

4-5 6

N/A 7
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